
' 

State of California The Resources Agency 

M e m o r a n d u m  

Date : March 12, 1986 

TO : Je r ry  D. Vayder 

Sushi1 K. Arora 
Planning Branch 

From : Department of Water Resources 

Subid r Operations Cr i te r ia  Applied in DHR Planning Simulation Model 

This memorandum report  was prepared t o  document the  Operations C r i t e r i a  and 
Assumptions currently incorporated in the Department of Water Resources 
Plannlng Simulation Model. The Simulation Model is qui te  f l ex ib l e  in t h a t  any 
changes i n  operational assumptions could be ea s i l y  made by modifying the input 
data f i l e .  For apparent reasons, more emphasis in t h i s  report  is placed on the  
S t a t e  Water Project  Operations than Central Valley Pro jec t  Operations. 

Periodic up date of the report  may be necessary i n  order to maintain up-*date 
description of the operations c r i t e r i a  and assumptions. 

Attachment 

SURNAME 

nwa t 5s taw r / n l ~  I WLW I 



CONTENTS 

Page 

I. INTRODUCTION 

TRINITY RIVER SYSTEM 

Cla i r  Engle Lake 
Whiskeytown Lake 

111. SACRAMENTO RIVER SYSTEM 

Shasta Dam and Lake 
Fish and Wildlife i n  Sacramento River 
NavigatZon Flows i n  Sacramento River 
Flood Control Protection 

I V .  FEATHER RIVER SYSTEM 

Oroville-Thermalito Complex 
Feather River Service Area (FRSA) 
Fish and Wildlife in the Feather River 
Minimum Required D e l t a  Outflow 
SWP Contractors Demands 
Flood Control Protection 

V. AMERICAN RIVER SYSTEM 

Folsom-Nimbus Complex 
Local Demands, Water Rights and Contracts 
Fish and Recreation Releases 
Delta In-Basin Uses and CVP Exports 
Flood Control Protection 

V I .  STANISLAUS RIVER SYSTEM 

New Melones Lake 
Local I r r iga t ion  Water Demands 
Fish and Wildlife Releases 
Maintenance of Hater Qual i ty  
Flood Control Protection 



V I I .  SACRAMENTO-SAN JOAQUIN DELTA OPERATIONS 

Page 

V I I  -1 

D e l t a  O u t f l o w  R e q u i r e m e n t s  to m e e t  D e l t a  Q u a l i t y  
Standards 

A d d i t i o n a l  O u t f l o w  R e q u i r e m e n t s  to M e e t  N o r t h  D e l t a  
W a t e r  A g e n c y  C o n t r a c t  

O p e r a t i o n s  of CVP-SWP R e s e r v o i r s  to meet D e l t a  D e m a n d 8  

V I I I  COORDINATED OPERATION O F  CW-SWP SYSTEMS V I I I  -1 

I X .  S Y S T E E 3  OPERATION O F  UPSTREAM RESERVOIRS I X - 1  

X. SWP WHGELING FOR THE CVP X.1 

X I .  ALTERNATIVE MODES O F  OPERATION S T U D I E S  X I  -1 

F i r m  Y i e l d  O p e r a t i o n  Studies 
L o n g - T e r m  O p e r a t i o n  Studies 

X I I .  SAN L U I S  RESERVOIR OEPRATIONS X.11 -1 

G e n e r a l  C o n c e p t s  f o r  San Luis R u l e  C u r v e s  
CVP San L u i s  R u l e  C u r v e  
SWP San Luis R u l e  C u r v e  

X I I I .  CALIFORNIA AQUEDUCT OPERATIONS X I 1 1  .1 

XIV.  CONJUNCTIVE OPERATION O F  GROUND WATER STORAGE XIV.1 

XV. OPERATION O F  SOUTHERN C A L I M R N I A  TERMINAL RESERVOIRS XV.1 

APPENDIX-A. DELTA OUTFLON REQUIREMENTS FOR U S E  I N  PLANNING SIMULATION MOD= 



I. INTRODUCTION 

This report  describes the various types of operations c r i t e r i a  and assumptions 
currently used in the Department of Water Resources Planning Simulation Model 
f o r  California (DWRSIM). 

The Planning Siaulation Model is a generalized computer planning model f o r  
California 's  Central Valley and its two major systems, the Central Valley 
Project  (CW) and the S ta t e  Water Project  (SW) (see Pi- 1.1). It is 
designed to simulate operation of the CVP-SWP eyefern on a monthly t i m e  baeie 
f o r  purposes of water supply, flood control storage, recreation, Instream flow 
maintenance, and hydroelectric power generation. The model represents the 
ac tua l  CW-SWP systems by a network of control points representing surface 
reservoirs,  ground water reservoirs,  and r ive r  and canal reaches. Control 
points are  connected by l inks representing t r ibu ta ry  stream inflows, pumping 
plants,  and power generating plants. The program is quite f lex ib le  in t h a t  
changes f o r  almost any configuration of surface reservoirs,  ground water 
reservoirs,  r i ve r  diversions, power generating plants,  pumping plants,  and 
conveyance f a c i l i t i e s  can be incorporated by changes in input data ra ther  than 
by modifying the model. The schematic represena t ion  of the CVP-SWP systems 
is shown on Figure 1.2. For more description of the Simulation Model refer  to 
the Division of Planning's report  'The Department of Water Resources Planning 
Simulation Model f o r  California January, 1985. 

To conduct a typical  planning study, cer ta in  c r i t e r i a  and assumptions must 
be pre-specified a s  input t o  the model i n  order to carryout a simulation of the 
CW-SWP systems. I n  par t icu la r  this operational data includes i n s t r e a m  
requirements f o r  each r ive r  system, storage reservoir  operational 
character is t ics ,  Sacramento-San Joaquin Delta quali ty and associated outflow 
requirements, SWP-CVP coordinated operations parameters, San Luis Reservoir 
operation objectives, California Aqueduct operational oonstraints,  and 
parameters f o r  conjunctive operation of ground water storage projects  when 
integrated with the SUP. A t  present planning studies a r e  carr ied out under 
hydrologic conditions representing 1980, 1990 and 2000 leve ls  of development. 
Demands on the systems can be selected f o r  any present or  future  level. 

Since the Department's objective is generally t o  investigate and evaluate 
d i f fe ren t  c r i t e r i a  and f a c i l i t i e s  of the  SWP system, more emphasis in this 
report  is placed on the discussion of SUP operational data. A s  f a r  a s  CVP's 
operational character is t ics  a re  concerned, attempt is made to operate the  CVP 
f a c i l i t i e s  so  a s  to have comparable operations which match the Bureau of 
Reclamation' s (USBR) operations in t h e i r  planning model. 
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11. TRINITY RIVER SYSTEM 

Cla i r  Engle Lake 

C h i r  Engle Lake provides f o r  the regulation and control of Trini ty  River 
and f o r  the transbasin diversion of approximately 80 percent of Trini ty  River 
water to the Sacramento River Basin to augnent the supply and u t i l i za t ion  of 
water in the Central Valley Project (CVP). Figure 11-1 shows schematic 
representation of Trini ty  River and upper Sacramento River systems. 

I n  the operation of the 2,448 TAF Cla i r  Engle Lake, no specif ic  provisions were 
or igihal ly  made f o r  flood control, although flood control reservation LEI 
maintained from October through February each year. Flood control apace of 
98, 498, 598, 388 and 388 TAF respectively, is maintained f o r  the f ive  month 
period a s  used by USBR in t h e i r  operation studies. 

C l a i r  Engle Lake is a l so  operated to sa t i s fy  min imum flows f o r  f i s h  and 
wildl i fe  requirements below Lewiston Dam. This release is 287 T A F / ~ ~  during 
most years, reduces t o  220 T A F / ~ ~  in dry years and fur ther  reduces to 140 
T A F / ~ ~  during c r i t i c a l  years. The definit ion of water year is determined by 
Shasta c r i t e r i a  and change is made effect ive March 1. Within the simulation 
model these flow requirements a re  shown a s  a diversion a t  control point (CP) 94. 

Export to Sacramento River ( for  use in Central Valley  asi in) iB made via 
Judge Francis Carr Tunnel and Powerhouse which has a maximum capacity of 3,300 
cfs. This export is maintained a t  about 670 ~Al?/yr during the c r i t i c a l  
period but during more normal hydrologic periods ellports average closer to 900 
T A F / ~ ~ .  

Whiskeytown Lake 

Whiskeytown Lake, with 241 TAF of storage, re-regulates the transbasin fJow of 
Trini ty  River from Lewiston Lake through the Judge Francis Carr Powerplant and 
into Spring Creek Tunhe1 with a capacity of 3,600 cfs. It a lso  stores and 
regulates inflow from Clear Creek. 

Releases a re  made to Clear Creek to meet downstream demands for  water righta, 
atreamflow maintenance and project use. The mmainder is conveyed to Keswick 
Reservoir an the Sacramento River. via Spring Creek Powerhouse. While not 
operated to meet defined flood control c r i t e r i a ,  about 40 TAF of storage space 
is maintained during the w i n t e r  months to help prevent flood releases to Clear 
Creek. 

Additional releases from C l a i r  Engle and/or Whiskeytown may need to be made 
In order to sa t i s fy  Sacramento River demands or  Delta demands to achieve 
balanced storage among the CVP reservoirs serving common downstream demands. 
T h i s  balancing among the reservoirs is achieved by defining target  storage 
levels  in the model. The operating rules can be changed by changing the 
input data. 
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111. SACRAMENTO RIVER SYSTEM 

Shasta Dam and Lake 

Shasta Dam is located on the Sacramento River creat ing a multipurpose 
reservoir  of 4,552 TAF. It provides flood control storage and regulates 
w i n t e r  runoff fo r  many purposes including i r r i ga t ion  in the Sacramento and 
San Joaquin Valleys, maintenance of f ishery and navigation flows In the 
Sacramento River, protection of the Sacramento-San Joaquin Delta f r o m  Intrusion 
of sa l ine  ocean water, provision of water f o r  municipal and indus t r ia l  use, and 
generation of hydroelectric energy. 

Shasta Powerplant is located jus t  below the dam, and nine miles downstream 
from Shaete Dam are Keswick Dam and Powerplant, a l so  located on the Sacramento 
River. Keswick Reservoir creates  an afterbay where Tr in i ty  River water i a  
combined with Sacramento River water and is used t o  meet i n s t r e a m  flow 
requirements in Sacramento River and provide i r r i ga t ion  service t o  lands in 
Shasta County (see Figure 11.1 ). 

Fish and Wildlife i n  Sacramento River 

K i n i m u m  releases must be made by the Shasta-Keswick complex t o  meet f i s h  
flow requirements below Keswick in the Sacramento River. The minimum releases 
as made In our simulation model a r e  based on the data used i n  USBR operation 
studies. Table 111. I shows monthly diat r fbut ion and t o t a l  annual value8 under 
different  types of water years as determined f r o m  Shasta Inflow Index. 

TABLE 111 .I 

Keswick Fish Flows 

Month - 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total  

Normal 
Years Dry Years 



Navigation Flows i n  Sacramento River 

Additional releases,  if  necessary, m u s t  a l so  be made out of the Shasta-Keswick 
complex t o  maintain navigation flows in the Sacramento River. The actual  flow 
requirements and the spec i f ic  locations vary a s  the navigation control point  
(NCP) moves up and down the r i ve r  between Knights Landing and Colusa. Required 
flows a re  keyed to the flow a t  K n i g h t s  Landing and r e f l e c t  the ava i l ab i l i t y  of 
local  accretions. The flow data is generally 5,000 c f s  during normal yeara, 
but drops to 4,000 c f s  i n  the c r i t i c a l  period, and sometimes, par t icu la r ly  i n  
November dropping to as low a s  3,000 cfs. 

Flood Control Protection 

One of the main purposes of Shasta Reservoir is to provide protection from 
floods. During the operational period as used in the simulation model, varying 
amounts of flood control reservation a re  provided depending upon the antecedent 
wetness conditions. To avoid large discharges down the Sacramento River in the 
month of October, when flood reservations a r e  first needed, storage l i m i t s  
are placed on reservoir  storage in the model. Them l i m i t a  a c t  in a manner 
s imi la r  to flood reservation in the summer months. Therefore, in a l l  but the 
months of May and June, flood control space is provided as shown in 
Table 111.2. 

TABLE I11 02 

Shasta Lake Flood Control Reservations 

Month - 

October 
November 
December 
January 
February 
March 
April 
Ju ly  
August 
September 

Flood Control Reservation 

Other =leases which nust be made when needed from the Shasta-Trinity complex 
are those to meet CVP D e l t a  exports and CVP1s share of Delta water quality and 
outflow requirements. These release requirements a r e  coordinated with Folsom 
releases so as to have the most optimum and e f f i c i en t  system-wide operation. 



I V .  F'EATXER RIVER SYSTEM 

lroville-Thermalito Complex 

Lake Oroville, principal reservoir of the S ta te  Water Project (SW) with a 
storage capacity of 3,538 TAF is located near the town of Oroville in Butte 
Zounty. A l l  branches and forks of the Feather River flow into this reservoir. 
rJater released flows through the Thennalito Complex and the natural channels 
~f the Feather and Sacramento Rivers to  the Delta. Other features include 
Sdward Hyatt Powerplant, Thermalito Diversion Dam, Fish Barrier Dam, and the 
lhermallto Forebay and Afterbay. Figure N.1 shows schematic representation of 
Feather River system. 

Che major function of this complex is t o  conserve and regulate the flows of the 
?eather River f o r  subsequent release t o  the Sacramento-San Joaquln Delta. 
Iere the releases provide sa l in i ty  control against the incursion of sal ine 
rater f r o m  the ocean and can be exported via the North Bay and California 
Lqueducts. Additional purposes of the project include hydroelectric power 
generation, flood control protection, enhancement of f i sher ies  in the Feather 
liver, and recreation. 

?eather River Service Area (FRSA) 

liversion requirements f o r  the FRSA a re  made available a t  Thermli to  Afterbay 
and cover the water r ights  f o r  Richvale I r r iga t ion  Dis t r ic t ,  Biggs-West Gridley 
Jater Dis t r ic t ,  Butte Water Dis t r ic t ,  Sut te r  Extension Water Dis t r ic t ,  and 
GandE as per the agreements signed on May 27, 1969, between these agencies and 
lepartment of Water Resources. Total agreed supply is 955 TAF. With 
allowances f o r  drought deficiencies the supply is reduced 144 TAF' fo r  a 25 
percent deficiency and 287 for  50 percent deficiency. Monthly pattern and 
mlues are  representative of the diversions i n  the h is tor ic  record 1968-7980, 
a s  =ported f r o m  Jan Rogers in her memo to Jer ry  Vayder dated May 26, 1983. 
Che c r i t e r i a  f o r  applying deficiencies has been spelled out in the agreements 
signed and generally is in phase with the c r i t e r i a  used in applying deficiencies 
to-Project contractors south of the Delta. Project deliveries f o r  Yuba C i t y  
and Butte County are added t o  the FRSA demands. 

?ish and Wildlife in the Feather River 

lperation of Oroville f o r  the purpose of mahagement of f i s h  and wildlife in the 
Peather River is made a s  per agreement between Department of Fish and Game and 
lepartment of Water Resources dated August 26, 1983. A s  per this agreement: 

( i )  A minimum flow of 600 cfs  (400 cfs u n t i l  a diversion d a m  power p lant  
becomes operational) mwt be =leased in to  the Feather River f r o m  
the Thermalito Diversion Dam. Such flow w i l l  be the total of flows 
from the diversion dam out let ,  diversion dam power plant,  and the 
Feather River Fish Hatchery pipeline. 
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( i i )  Based on the Apri l  th ru  J u l y  unimpaired runoff of Feather River near 
Orovi l le  of the preceding water year (ac t .  1 thru Sep. 30), 
add i t iona l  water must a l s o  be released from the  T h e r m l i t o  Afterbay 
r i v e r  o u t l e t  t o  maintain flows in the  Feather fiiver immediately 
below t h i s  o u t l e t  and t o  the mouth of the Feather River a t  Verona i n  
accordance with the following schedule, provided t h a t  such 
add i t iona l  re lease  w i l l  not  cause Orovi l le  Reservoir to be drawn 

I below elevat ion 733 f e e t  (approximately 1,500 TAF). 

TABLE I V . l  

I I Feather River Fish  Flows 

Minimum Flow Schedule in 
Feather River 

Selow Thermalito Afterbay 

The preceding Apri l  th ru  
J u l y  Unimpaired Runoff of Apri 1 
The Feather River near 0 c t  Thru 
Orovil le ,  Percent  of Wormal" Thru Feb March - September 

55% o r  g r e a t e r  1,700 c f s  1,700 c f s  1,000 cfs 
Less than 55% 1,200 cf s 1,000 c f s  1 ,000 cfs 

~I-E Normal is defined a s  the  Apri l  t h r u  J u l y  1911 -1960 mean unimpaired runoff 
near Orovi l le  of 1942 TAF. 

If the  Apr i l  I runoff f o r e c a s t  i n  a given water year Indicates  that, 
under normal operation of SWP, the  rese rvo i r  l e v e l  w i l l  be dmun to 
elevat ion of 733 f e e t  (approximately 1,500 TAF), r e l eases  f o r  f i s h  
l i fe  in the above schedule may s u f f e r  monthly de f ic ienc ies  i n  the 
same proportion as the respect ive  monthly de f ic ienc ies  imposed upon 
de l ive r ies  of water f o r  a g r i c u l t u r a l  use f r o m  the  Project .  However, 
in no case s h a l l  the f i s h  water r e leases  i n  the  above schedule be 
reduced by more than 25 percent. 

( i v )  If f o r  two o r  more consecutive water years the  Apr i l  t h r u  J u l y  
unimpaired runoffs  average less than 60 percent  of normal, then t h e  
minimum flow s h a l l  be a s  shown in the  above schedule f o r  runoff of 
less than 55 percent. 

(v )  If during the  period of October 15 t h r u  November 30, t h e  combined 
p r o j e c t  re leases  i n t o  the  Feather River f r o m  the  Thermalito 
Diversion Dam and Thermalito Afterbay exceeds 2,500 c f s  (except f o r  
f lood  control  re leases  o r  o ther  emergency reasons), then the  
minimum flow i n  the Feather River a s  spec i f i ed  in Paragraph ( i )  
f o r  the  period of October th ru  #arch w i l l  be modified such t h a t  
flow is not less than 500 c f s  below the combined projected re leases .  

IV. 3 



Minimum Required D e l t a  Outflow 

Orovi l le  Reservoir must make add i t iona l  re leases ,  i f  necessary, to meet its 
obligation of D e l t a  outflow requirements, including carr iage  water. Minimum 
required D e l t a  outflow necessary t o  s a t i s f y  the water qua l i ty  object ives  set  
f o r t h  in Decision 1485 of S t a b  Water Resources Control Board must f i r s t  be 
e a t i s f i e d  from uncontrolled flows a r r i v i n g  in  Delta,  and s torage  re leases  if 
necessary. The share of s torage  re leases  to be made from Orovil le ,  a s  w e l l  as 
from CVP reservoirs ,  is determined i n  accordance w i t h  the  shar ing provision of 
May 20, 1985 d r a f t  CoordinatedOperation Agreement with USBR. 

S W  Contractors 3emands 

Th i r ty  agencies have contracted f o r  a long-term water supply from the S t a t e  
Water P r o j e c t  t o t a l l i n g  4.22 mi l l ion  acre-feet  annually, of which 4.11 mi l l ion  
acre-feet  are f o r  contrac t ing agencies with service  areas  south of Delta. 

I n  order to  meet ent i t lement  requests  during any given year, Harvey 0. Banks 
D e l t a  Pumping P l a n t  must export  water from the south Delta,  e i t h e r  f o r  direct 
delivery o r  f o r  re-regulat ion i n  the  SWP port ion of San Luis Reservoir. I n  
Lome months, during an opera t ional  cycle, Orovi l le  Reservoir must make a 
conservation re lease  t o  meet expor t  demands. These re leases  are coordinated 
with the operat ion of San Luis Reservoir storage. 

Flood Control Protec t ion 

One of the  purposes of the SlJP is to provide f lood control  protection. Storage 
i n  Lake Orovi l le  must be lowered every year  t o  make room f o r  the  winter r a i n s  
and sp r ing  snowmelt t h a t  could cause flooding. 

Monthly f lood  con t ro l  space requirements f o r  the  period of record (1922 thru 
1978) has been provided by the  U. S. Army Corps of Engineers f o r  f lood 
operation of Orovi l le  Reservoir. I n  a l l  but  four  months ( ~ a y ,  June, Ju ly ,  and 
~ u g u s t )  f lood  control  space is provided based on antecedent p r e c i p i t a t i o n  and 
ground wetness conditions. Range of f lood  control  space f o r  the  opera t ional  
period is shown i n  Table IV.2. 

TABLE N.2 

0 r o v i l l e  Lake Flood Control Reservations 

Month - 
October 
November 
December 
January 
February 
March 
Apri l  
September 

Flood Control Reservation 
(TAF ) 
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V. AMERICAN RIVER SYSTEM 

Folso~Nimbus Complex 

Folsom Lake with 1,010 TAF storage capacity is located on the main s t e m  of the 
American River near the town of Folsom and 20 miles upstream from Sacramento. 
3ther features  of t h i s  project  include Folsom Powerplant, Nimbus Dam and 
Powerplant, and Folsom South Canal. Lake Natoma, created by Nimbus Dam, is 
used f o r  re-regulation of the Folsom Lake releases to the American River and 
aleo is used f o r  Folsom South C a n a l  diversions. Figure V.l  shows schematic 
representation of American River system. 

Folsom Lake is a multiple-purpose pro jec t  and provides the water supply and 
regulation to sa t i s fy  (a) loca l  demands and water rights in the lower American 
River Basin, (b) Folsom South Canal contracts,  (c)  stream maintenance 
flows f o r  f i shery  and recreation below Nimbus, (d) s a l i n i t y  repulsion In the 
Sacramento-San Joaquin Delta, (.e) augmentation of CVP supply to meet its Delta 
export demands, ( f )  generate hydroelectric power, and (g) provides flood 
protection to Sacramento and to adjacent suburban areas. 

Local Demands, Water Rights and Contracts 

Folsom Lake is operated to release enough water t o  meet loca l  demands by City 
of Folsom, San Juan Suburban Water D i s t r i c t ,  City of Roseville, North Fork and 
Natomas Ditches and Folsom Prison. I n  addit ion to these demands water is a l s o  
released to meet demands f o r  the  City of Sacramento, Carmichael, Folsom South 
:anal exports, and r ipar ian use along the American River. 

In  the absence of Auburn Reservofr in the system, diversions f o r  Placer  County 
Water Agency (PCWA) are deducted from the inflow +A Folsom. E l  Dorado County 
demands a m  a l s o  deducted from inflow to Folsom Reservoir. Normally deficiencies 
are applied only t o  the project  diversions f o r  PCWA, San Juan Suburban, and 
Roseville. However, when the Folsom South Canal exports include water f o r  
agr icu l tu ra l  use, deficiencies a re  applied a s  per CVP contract  provisions. 

Fish and Recreation Releases 

Folsom Lake must make releases in accordance with SWRCB Decision 893 such t h a t  
a f t e r  meeting local  demands there is enough flow in the  American River to 
maintain the f ishery below Nimbus Dam. I n  1957 the  Bumau entered i n t o  an 
agreement with Department of Fish and Game regarding American River flow 
releases.  This agreement provides fo r  minimum f ishery flows of 250 cfs  f r o m  
January 1 through September 14, and 500 c fs  from September 15 through December 
31, except f o r  c r i t i c a l l y  dry years when deficiencies up to 50 percent could be 
applied. Under normal conditions with other conservation releases,  the minimum 
flows below Nimbus Dam are usually higher than these amounts. 

I n  1972, in connection with the water r i g h t  application f o r  Auburn Dam and 
Reservoir, Decision 1400 of S t a t e  Water Resources Control Board was issued 
prescribing a minimum flow of 1,250 c fs  between October 15 and July  15 
f o r  f ishery purposes, and 1,500 cfs  between May 15 and October 14 fo r  
recreat ional  purposes. 
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A t  present our simulation s tudies  attempt to follow USBR practice and meet a s  a 
minimum, D-1400 flows t o  the City of Sacramento diversion polnt. I n  c r i t i c a l  
dry periods it is necessary to drop t o  D-893 requirements. The select ion of 
flows t o  be met is based on storage in the reservoir. I n  the simulation model 
the operational c r i t e r i on  is the reservoir  t a rge t  storage Level 2 ( R L ~ )  value. 
A s  long a s  the storage i n  Folsom Lake is greater than RL2 value, the reservoir  
makes the re leases  to meet D-1400 ("maximum target"  amounts) and switches to 
D-893 (nmlnimum ta rge tn  flows) during the period when storage in Folsom drops 
below RL2. Also, minimum flows below the Sacramento Treatment P lan t  diversion 
point  are always'specified a s  D-893 flows. 

D e l t a  In-Basin Uses and CVP Exports 

Besides meeting American River requirements, Folsom complex is operated in 
conjunction with Shasta-Trinity complex to meet any addi t ional  requirements 
from the Delta f o r  the CVP system. These demands include CVP share of Delta In- 
Basin uses and exports from the Delta t o  meet CVP contractual  demands. E f fo r t  
is made so  t h a t  the CVP system a s  a whole is operated a s  one system and to 
minimize unnecessary surpluses in the Delta. 

Flood Control Protection 

One of the main purposes of Folsom Lake is, t o  provide protection from floods 
to Sacramento and suburban areas. During the operational period, a s  used in 
the simulation model, varying amount of flood control  reservation a r e  provided 
depending upon the antecedent wetness conditions. A l l  but f o r  the months of 
May and June, f lood control  space is provided a s  tabulated In Table V . 1 .  A s  
explained in the section dealing with Shasta Lake, reservoir  levels  are brought 
down during the ear ly  f a l l  months(*) s o  t h a t  it w i l l  not be necessary to make 
large releases when the flood reservation requirement starta. 

i'olsom Lake Flood Control Reservations 

0 ctober 
November 
December 
January 
February 
March 
Apri 1 
July* 
August* 
September* 

Flood Control Reservation 
(TAE ) 



V I .  STANISLAUS RIVER SYSTEM 

New Nelones Lake 

New Helones Lake is located on Stanislaus River about 35 miles northeast of 
Modesto. Figure V I  .1 shows schematic representation of Stanislaus River 
system. The reservoir  has a t o t a l  storage capacity of 2,400 TAF and is 
operated to sa t i s fy  local  water needs, f ishery enhancement, and water qual i ty  
improvement of the San Joaquin River. It a l s o  generates hydroelectric power 
and provides flood control protection. Operation of New Melones Lake is 
p a r t i a l l y  controlled by Decision 1422 issued by the S t a t e  Water Resources 
Control Board i n  April 1973 a s  discussed below. 

Local I r r iga t ion  l a t e r  Demands 

N e w  Melones is operated to meet the local  i r r i ga t ion  demands within 
Stanislaus,  Calavems, Tuolumne and San Joaquin Counties. A t  present no use 
of water is made outside these areas. The local  d i s t r i c t s  have contracts 
t o t a l l i ng  49 TAF of firm supply and 106 TAF of interim supply per year. The 
t o t a l  155 TAF is reduced to 102.3 TAF i n  c r i t i c a l  years. 

Fish and Wildlife Releases 

Additional releases of water up to 98 TAF per year must be made in the 
lower Stanislaus River below Goodwin Dam f o r  preservation and enhancement of 
f i s h  and wildlife.  Deficiencies a r e  allowed during dry conditions. Actual 
monthly distribution during a normal year is established by Department of Fish 
and Game. 

Maintenance of Water Qual i ty  

Releases from the project  a r e  a l so  made to maintain water qual i ty  of no more 
than 500 ppm TDS a t  "Vernalis" on the San Joaquin River apd a dissolved oxygen 
content of 5 ppm i n  the Stanislaus River. Additiopal releases a re  made a s  
necessary, over and above the 98 TAF f i s h  flow mentioned ear l ie r .  For the 
purpose of simulation, combined releases to meet f i s h  requirements and water 
quali ty are  lumped together a t  C.P. 52. 

No addit ional releases are made i n  currant simulations f o r  the spec i f ic  
purposes of recreation, hydroelectric power generation, or  Delta water supply. 
O f  course most of the water released fo r  local  demands a s  well a s  f o r  other 
project  purposes is used f o r  power generation. 

Flood Control Protection 

One of the major purposes of Yew Melones is to provide flood protection to 
agr icu l tura l  land in the flood plain  of Stanislaus River and to suburban areas  
of Ripon, Oakdale, and Riverbank. Also, i n  conjunction with storage projects  
on the Tuolumne River, the project  provides flood protection to  ag r i cu lmra l  
land along the San Joaquin River below the mouth of the ~ l a n i s l a u s  River, 
agr icu l tura l  land in the Sacramento-San Joaquin Delta, and to  suburban areas  
south of the City of Stockton. 
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Flood control reservation during the various months is shown i n  Table VI.l. 

TABLE VI .1 

New Melones Lake Flood Control Reservat i~ns  

Month - 
October 
November 
December 
January 
February 
March 
April 
September 

Flood Control Reservation 
(TAF ) 



V I I  . SACRAMENTO-SA~ JOAQUIN DELTA OPERATIONS 

The Central Valley contains three major basins: Sacramento, San Joaquin and 
Tulare Lake. The Sacramento Valley is drained by Cal+forniat s l a rges t  r i ve r  
system, the Sacramento. Major t r i bu t a r i e s  include the McCloud, P i t ,  Yub,  
Feather, and American Rivera. Tulare Lake Basin is closed and drains 
in te rna l ly  except in rare instances when floodwaters overtop a low divide and 
f l o w  into the drainage of the San Joaquin River. The northern portion of the 
San Joaquin Valley is drained by the 3an Joaquin River. Major t r i bu t a r i e s  t o  
the  San Joaquin include the Merced, Tuolumne, and Stanialaus Rivers. 

/1 

' 
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The area in the center of the Central Valley, where the Sacramento and 
San Joapuin Rivera merge, coincides with a break in the coastal  mountains 
b ~ r d e r i n g  the basins m the west. Here the Sacramento R i v e r ,  the much 
smaller San Joaquin River, and other ea s t  side streams meet in the Sacramento- 
San Joaquin Delta before flowing in to  San Francisco Bay and on toward the 
Pac i f ic  Ocean. This del ta ,  unlike most r i ve r  deltas,  is wide a t  the landward 
s ide  and narrow a t  the seaward side. It forms the upstream portion of an 
estuary that extends i n t o  Suisun Bay, San Pablo Bay, and San Francisco Bay. 
His tor ical ly  the Carquinez S t r a i t s ,  a narrow break in the Cmst Ranges, has 
been noted a s  the dividing l ine  between the sa l ine  San Francisco Bay and the 
f resh  water D e l t a .  Operations in Sacramento-San Joaquin Delta plays a pivotal  
ro l e  in the ava i l ab i l i t y  of water supplies to be exported t o  San Josquln Valley 
and Southern California. 

1 
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The Sacramento R i v e r ,  controlled largely by CVP1s Shasta lake and a u p p l t e d  by 
water from the Tr in i ty  River, supplies w a t e r  to i r r iga ted  areas in the 
Sacramento Valley, Releases from the SWP-controlled Feather River joins the 

! 
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Sacramento River 21 r iver  miles above the City of Sacramento, and a t  this poin t  
the Sacramento River is augmented by flows entering from the CVP-controlled 
American River. Thus, waters managed by the SWP mingle with and become 
indistinguishable from those of the CVP and flows commingled in to  the Delta. 
A portion of the water entering the D e l O n  takes a d i r ec t  course toward Sul6un 
Bay, and some f inds  its way in to  the i n t e r io r  D e l t a  through natural  c h E t ~ e l 8  
aided by the CVP' s Delta C r o s s  Channel. Releases from CVP and SWP reservoi rs 
augment the supply of f resh  water flowing in to  the Delta during the d r i e r  
months of the year. 
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Some of the water reaching the Delta is w e d  to meet local  demands. E s t i m a t e s  
of D e l t a  consumptive use and Delta channel depletions used i n  the planning 
model are based on a cooperative study conducted in 1981 by the Department 
and the Bureau of Reclamation. These values, which a re  based 0x1 estimates of 
h i s t o r i c  use, a r e  entered a s  data for  various levels  of development, viz. year 
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Currently the major exporter of fresh water available in the Delta is the CVP, 
which pumps water f r o m  the southern Delta a t  its Rock Slough and Tracy pumping 
plants.  Rock Slough Pumping Plant  serves the Contra Costa Canal, providing 
water mainly t o  municipal and indus t r ia l  usem in par ts  of Contra Costa County. 

I 
1980 and year 2000. 



Tracy Pumping Plant  serves the Delta Mendota Canal (DMC ) , which conveys water 
to agr icu l tura l  users in the San Joaquin Valley and to f a c i l i t i e s  of the CVP's 
San Luis U n i t .  Some of the water provided in the San Joaquin Valley is 
delivered on an exchange basis to areas t h a t  used watzr from the San Joaquin 
River before construction of the CVF"e Friant  Dam. 

Also in the southern Delta, the SWP operates Cl i f ton Court Forebay and Harvey 
0. Banks D e l t a  Pumping Plant. The forebay takes in D e l t a  water a t  high 
t ide ,  then its gates a re  closed, and export water is pumped f r o m  the forebay. 
The pumps l i f t  the water t o  the beginning of the 444-ale  California Aqueduct, 
f o r  regulatory storage i n  San Luis Reservoir and f o r  meeting S W  Contractor 
requests. 

Export of water from the southern D e l t a  is limited by the pumping capacity of 
the two projects. The CVP can pump 4,600 t o  4,800 cubic feet per second (c fs )  
into the Delta Mendota Canal. I n  some months Tracy PP muat  be constrained 
because of DMC capacity or  because of the r e l i f t  pumping capacity (4,200 c f s )  
between the DMC and O'Neill Forebay. Contra Costa Canal has an export capacity 
of 350 cfs. The SWP can currently pump 6,400 c f s  a t  the Banks Pumping Plant. 
With addit ional un i t s  added to the Banks Pumping Plant ,  the export capacity of 
SNP can be increased to 10,300 cfs ,  the maximum carrying capacity of the first 
reach of the California Aqueduct. However, without chamel improvements in 
the southern Delta, t h i s  export capacity is limited to  an average of 7,300 c f s  
in wet months and 6,680 c f s  in other months a s  allowed by a USCE permit. 

The f i rs t  stage of the North Bay Aqueduct is purchasing Solano Project  water 
and delivering it to Napa County. I n  the future ,  the North Bay Aqueduct w i l l  
provide water t o  Napa and Solano Counties by d i r e c t  export from the north Delta. 

Sa l in i ty  control is necessary because the Delta is oontiguous with San 
Francisco Bay and the ocean and its channels a r e  a t  o r  below sea level. 
Unless repelled by a continuous seaward flow of f resh  water, sea water w i l l  
advance up the estuary in to  the D e l t a ,  pa r t icu la r ly  a s  exports f r o m  the 
southern Delta increase. This is discussed in more d e t a i l  in the following 
section. Different components of water balance in the Delta can be summarized 
schematically a s  shown in Figure VII.1. 

D e l t a  Outflow Requirements to Meet Delta Qual i ty  Standards 

Operation of SWP and CYP export f a c i l i t i e s  in the Delta a r e  coordinated with 
the upstream SWP and CVP reservoirs t o  meet applicable water qual i ty  standards 
f o r  the Delta and Suisun Marsh. Present standards are those set fo r th  in Water 
Rights Decision 1485 (D-1485 established i n  August 1978) of the S t a t e  Water 
Resources Control Board. These standards a re  f o r  protection of a l l  reasonable, 
beneficial  uses of water in the Sacramen%San Joaquin Delta, including 
municipal and industr ia l ,  a g r i ~ u ~ b u r a l ,  and f i s h  and wildlife. Decision 1485 
i a  intended t o  provide the same level  of protection to these beneficial  uses 
that would have been available had the two projects  not been constructed. I n  
a d d i t i m  t o  minimum flow and water quali ty mquirements, project  diversions a m  
limited i n  May, June, and Ju ly  t o  protect  s t r iped  bass spawning. The water 
qual i ty  and flow standards included in  the proposed Coordinal~d Operations 
Agreement (COA) a r e  the same a s  those of Decision 1485, except that cer ta in  
standards f o r  Suisun Marsh, a m  omitted. 



Figure 'PIG 1. DELTA WATER BALANCE COMPONENTS 
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Many of the D-1485 standards a re  specified in terms of e l ec t r i ca l  conductivity 
or  chloride (both measures of s a l i n i ty )  a t  specif ic  locations in the Delta. 
The Department and the Bureau of Reclamation have conducted separate studies to 
determine the minimum flows required t o  meet the qual i ty  standards. Appendix A 
contains more de t a i l s  on various types of data s e t s  available under d i f fe ren t  
assumptions f o r  use in the simulation model. The simulation model incorporates 
these standards a s  minimum required monthly flows a t  Control Point 58. They 
are based on tables  t h a t  account f o r  year type determined by the Four-River 
Index, month of the year, San Joaquin River inflow, and the pmviotm month's 
inflow to the D e l t a .  The Four-River Index is the sum of the natural  flows f r o m  
the Sacramento, Feather, Yuba and American Rivers. 

"Carriage Watern represents the additional Delta outflow required to maintain 
w a t e r  qual i ty  standards when export -tea from the southern Delta a re  increased 
beyond an empirical breakpoint. A s  the southern Delta pumping p lan ts  ( ~ r a c y ,  
Rock Slough and ~anks) increase t h e i r  export rates, more water is drawn f r o m  
the western Delta. To maintain the s a l i n i t y  balance, sa l ine  San Francisco Bay 
water must be repelled by addit ional Delta outflow. Figure VII.2 shows a 
typical  expor tou t f  low relationship. It is obvious t h a t  outflow required f o r  . 

-1485 a t  times overrides the carriage water requirements. 

ExportOutflow relationships f o r  water qual i ty  control, a s  used in the 
simulation model, have been calculated by DWR and a re  l i s t e d  on a se r i e s  of 12 
tab les  f o r  each type of water year. These tables  cover the most c r i t i c a l  
standards applicable during each month and each water year c lass i f icat ion.  
If a thru D e l t a  t ransfer  system is assumed a t  any future  level of development, 
then such a system would eliminate the reverse flow and s a l t  pickup in the 
western Delta and would save the carriage water required. 

Additional Outflow Requirements to  Meet North D e l t a  Water Agency Contract 

SWP operation must a l s o  meet c r i t e r i a  s e t  fo r th  i n  a contract  with North Delta 
Water Agency, The North Delta Water Agency represents agr icu l tura l  water 
users in  northern and western portions of the Delta. I n  January 1981, the 
Department end the Agency signed a contract  t h a t  ensures a dependable water 
supply of adequate qual i ty  to the Agency. The contract  sets water qual i ty  
standards to  be met by the S t a t e  Water Project  t h a t  a re  para l le l  to Decision 
1485 stan&rds, but a t  times a re  more str ingent.  The extra outflow required t9 
meet these more s t r ingent  standards must be releaaed f r o m  Oroville and thus 
can reduce the available supply of the S t a t e  Water Project  by a s  much as 
100,000 acre-feet per year. The contract  a l so  provides tha t  "the S t a t e  may 
provide diversion and overland f a c i l i t i e s  to supply and d is t r ibu te  water to 
Sherman Is landn,  and t h a t  "after the f a c i l i t i e s  are constructed and operating, 
the water qual i ty  c r i t e r i a  ... s h a l l  apply a t  the intake of the fac i l i t i e s . "  
No addi t ional  outflow requirements would be needed with Sherman Is land overland 
f a c i l i t i e s  in place. 

Operation of CVP-SUP Reservoirs to Meet D e l t a  Denrands 

Operation of CVl? and SWP reservoirs to meet their respective export demand6 
and share of responsibi l i ty  f o r  in-basin uses in the Delta am controlled by 
a "sharing formulan a s  negotiated by USBR and DWR f o r  coordinated 
operation. Export demands on each project  a re  imposed (tr iggered) by San Luis 
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Figure P11.2. TYPICAL DELTA EXPORT-OUTFLOW 
REQUIREMENTS RELATIONSHIP 



Reservoir t a rge t  storages and d i r ec t  delivery demands a s  discussed in a later 
section. The sharing formula s t ipu la tes  two types of percentage sp l i t s :  
(a) Sharing responsibi l i t ies  t o  maintain Sacramento Valley in-basin use, which 
includes Delta consumptive use, minimum Delta outflow and water quali ty 
requirements as specified by D-1485, and carriage water if necessary; 
(b) Sharing available water supplies in the Delta f o r  export and storage. 
Sharing and coordinated operation is discussed in more de t a i l  in a l a t e r  
section. 

I n  case each pro jec t ' s  D e l t a  export needs a re  greater than its share of 
avai lable  D e l t a  inflow, as determined by the sharing formula, each project  must 
then make addit ional releases to meet its export demand and San Luis target 
storages, provided pumping plant  capacity is not constraining. Once 
this addi t ional  release from a project  is determined, it can be dis t r ibuted 
among the reservoirs of t h a t  project  to achieve be t te r  balancing in their 
storages. 
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Sharing of water supplies and respons ib i l i t i es  is controlled by sharing 
formulas. These formulas a re  determined by simulating the opera t lm of CVP and 
SWP f a c i l i t i e s  under current conditions but assuming a repeat of the dry period 
hydrology of 7928-1934. A description of the most recent simulation study is 
contained in the 'CTechnical Report on Determination of Annual Water Supplies 
f o r  Central Valley Project  and Sta te  Water projectw dated March 1984. The 
sharing formulas a re  structured around the necessity t o  meet the in-basin 
use requirements in the Sacramento Valley and the Delta, including Delta 
outflow and water qual i ty  requirements a s  per S t a t e  Water Resources Control 
Board Decision 1485. 
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The SW and CYP use the Sacramento River and D e l t a  channels to convey water to 
their export pumps in the south Delta. Coordinated operation is required to 
assure that each project  obtains its share of water f r o m  the Delta and bears 
its share of obligations to pro tec t  other beneficial  uses in the Delta end the 
Sacramento Valley. Furthermore, coordinated operation, by agmed upon 
c r i t e r i a ,  can increase the effectiveness and efficiency of both pro jecta. 

The sharing formula applies t o  two d i f fe ren t  s i tua t ions  t h a t  occur during 
balanced water conditions. O n e  s i tua t ion  apportions the responsibil i ty f o r  
making storage withdrawals t o  supply in-basin uses when flow other than f r o m  
storage withdrawals (unstored flow) is insuf f ic ien t  to provide the f u l l  supply 
required to meet D-1485 standards and D e l t a  export demands. The formula fo r  
sharing t h i s  responsibil i ty a s  negotiated fo r  current  conditions is: 

V I I I .  COORDINATED OPERATION OF CVP-SWP SYSTEMS 

. 

Central Valley Project  75 percent 
S t a t e  Water PFoject 25 percent 
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Central Valley Project  55 percent 
State Water Project  45 percent 

When water is p l en t i fu l  in  the Sacramento River syetem, both projecta can s to re  
and export water to t h e i r  f u l l  capabi l i t ies ,  and in-basin use mquirementa w i l l  
still be met. A s  runoff subsides, a t i m e  comes when water f o r  storage and 
e rpor t  must be allocated among the two projects. T h i s  time is signaled when 
conditions in the Delta appmach the D-1485 standards and "surpluan outflow no 
longer exists.  When the D e l t a  reaches such a condition, known as "balanced 
w a t e r  conditionsm, the B m a u  and the Department operate their projects  in 
accordance w i t h  a sharing formula to maintain those conditions. Balanced 
water conditions occur in a l l  but a f e w  very wet years. Typically, balanced 
conditions begin in l a t e  spring and continue through ear ly  f a l l .  

; 
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The other s i tua t ion  defines the rights of the two pa r t i e s  t o  s tore  o r  export 
water when unstored flow is available in excess of in-basin use requirements 
(including D-1485). The formula f o r  sharing this water f o r  the current 
conditions is: 

Figure V I I I . 1  is a simplified i l l u s t r a t i o n  of how the formula operates - 
simplified i n  tha t  it assumes a amooth decline and buildup of runoff, constant 
export levels,  and constant in-basin use requirements. The l e f t  side of the 



Figure VIII. 1. UNSTORED FLOW AND STORAGE 
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f igure  represents conditions a s  they might e x i s t  i n  the spring, when periods of 
balanced water conditions often begin. Project  exports plus addit ions b 
pro jec t  storage take a l l  the unstored flow t h a t  is excess t o  in-basin use 
requirements. 

AS unetored flow declines with decreasing runoff, addit ions to' project  storage 
muat be eliminated to maintain exporta and in-basin use. On a cer ta in  day, 
represented by line A-A' on Figure V I I I . 1 ,  water is no longer available to add 
to etorage and withdrawale from storage must begin thereaf ter  to maintein 
exports. Until  the day represented by l i ne  B-B1, each project  may export an 
amount of wafer equal t o  its storage withdrawal plus its share (as determined 
by the 5 5 ~ 4 5  formula) of unstored flow in excess of in-basin use requirements. 

On day B-B1, there in no longer any excess unetored flow to contribute to 
e q o r t s  or  to be shared 55145, and exports muet be supported by storage 
withdrawals. Thereafter, storage withdrawals m u s t  be increased to maintain 
exports i n  the amount t h a t  allows in-basin use requirements t o  be f u l l y  met. 
The responsibi l i ty  to make such storage withdrawals f o r  in-basin use ie borne 
by the.CentralVal ley Project  and S t a t e  Water Project  i n  the proportions 
75 t25. While the 75x25 formula is in ef fec t ,  both projects  are en t i t l ed  to 
export an amount equal to t h e i r  storage withdrawals, less t h e i r  a l located 
contributions to in-basin use. 

A s  unstored flow increases in f a l l  and ear ly  winter, the s teps  a r e  reversed. ' 

The ear ly  increases in unstored flow eliminate the need f o r  storage withdrawals 
to meet in-basin use, and the 75:25 formula goes out of effect .  The 55345 
f o r m l a  then takes over to apportion excess unstored flow. Finally, unetored 
flow exceeds the sum of in-basin use, exports, and addit ions to storage, and 
nei ther  formula is needed; wexcess water conditionsn exis t .  

When a pro jec t le  share of available Delta water supply exceeds its export 
capabil i ty,  the excess flow may be exported or  held in storage by the pro jec t  
that has the capabil i ty to do so, without a f fec t ing  e i t he r  p ro jec t le  fu tum 
responsibi l i t ies .  

I n  simulation model s tudies  a t  the current l eve l  of development and with 
ex i s t i ng  f a c i l i t i e s ,  the sharing formula is as developed during COA 
negotiations and contained in the May 20, 1985 draf t .  I n  order t o  perform 
simulation s tudies  in which fu ture  SWP o r  CVP f a c i l i t i e s  a re  added, it is 
necessary to determine the e f f ec t  or  adjustment that the new f a c i l i t i e s  would 
have on the COA sharing formula. For example, if a new SWP f a c i l i t y  w e r e  added 
to the system, the y ie ld  of the exis t ing CVP system must not be adversely 
affected,  and therefore, the operational sharing formula must be adjusted 
accordingly. The sharing formula muet a l s o  be adjusted to account f o r  change 
i n  upstream hydrology with time. 



I X .  SYSTEMS OPERATION OF UPSTREAM RESERVOIRS 

I n  order to meet the demands placed on project  reservoirs e f f i c i en t ly  and 
w i t h  minimum s p i l l s ,  integrated operating rules  must be defined f o r  each 
reservoir  upstream of the Sacramento-San Joaquin Delta. 

The primary mechanism f o r  achieving e f f i c i e n t  operation is by dividing each 
reservoir  into imaginary horizontal levels,  cal led ta rge t  storage leve ls  (RL 
d a a  s e a ) .  Corresponding to each level  is a reservoir  elevation, storage, 
surface area and ou t l e t  capacity. Differences between levels  a r e  zones of 
po ten t ia l  storage volume. A t  present f i ve  levels  have been defined to 
es tab l i sh  operating rules. The lowest l eve l  corresponds to the minimum 
reservoir  l eve l  a8 determined by the elevation of the ou t l e t  works, the second 
lowest is bottom of the conservation pool or  the m i n i r u n  operating storage, the 
third level  is the top of and an intermediate buffer zone, the fourth  level  is 
the top of the conservation storage pool, and the highest level  is the gross 
reservoir  storage. Additional levels  can be established to f a c i l i t a t e  
individual mservoir  operating c r i t e r i a .  

Each reservoir  is operated to meet downstream demands a t  specified locations in 
the system. These operational points a re  specified f o r  each reservoir  by . 
ident i fying those points f o r  which the reservoir  does not operate. P r i o r i t y  of 
withdrawals f r o m  reservoirs serving the same location can be established by 
specifying addi t ional  levels. Withdrawals are f i r s t  made f r o m  the highest  
storage zone, then f r o m  the second highest and so  on down to the lowest, 
keeping a l l  reservoirs in the system i n  balance to the extent possible. 
Table IX.1 presents typ ica l  values f o r  t a rge t  storage levels as used i n  the 
simulation model. 

Figure IX.1 i l l u s t r a t e s  how the reservoir  t a rge t  l eve ls  work. Assume Reservoirs 
A and B a r e  Shasta and Folsom Reservoirs of the CVP system and Control Point  C 
refers to a common demand location on the CVP system in the D e l t a .  If both 
Reservoir A and Reservoir B start out f u l l  a t  level  5, the program determines 
the amount of lrsservoir release needed to sa t i s fy  the demand a t  the commonly 
served Control Point C. I n  this example, there is no space in Reservoir B 
a l located between level  5 and level  4. Therefore, the demand a t  Control Point  
C w i l l  be met f r o m  Reservoir A u n t i l  Reservoir A reaches level  4. Then both 
reservoirs  w i l l  be drawn down equally, by percentage of storage apace 
remaining, between levels  4 and 3. When both reservoirs reach level  3, 
re leases  w i l l  occur f r o m  Reservoir B only u n t i l  Reservoir B reaches leve l  2 a s  
there  ie no apace allocated between levels  3 and 2 in Reservoir A. T h e  process 
is continued u n t i l  the reservoirs a re  depleted. If desired, one o r  both of the 
reservoire could be set so  a s  not to meet any demand a t  Control Point C. It is 
a l so  important to note tha t  these ta rge t  storage leve ls  can be changed each 
month. 



Figure IX. 1. STORAGE BALANCING AMONG RESERVOIRS 
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TABLE IX.1 

Typical Reservoir Target Storage Values 

Storage Level 
(RL Value) 

Reservoir 

Clair N e w  
Engle Shasta Oroville Folsom Melones 

Dead 1 10 116 30 1 2 
Minimum Pool 2 313 500 852 88 31 0 
Intermediate 
Flood Control 

3 1,850 2,500 2,470 300 1,000 
4 12 values:* 12 values* 12 values* 12 values* 12 values* 

1,850 to 3,252 to 2,931 to 610 to 1,969 to 
2 , 448 4,552 3,538 1,010 

Maximum 
2,400 

5 2,448 4,552 3,538 1,010 2,400 

*RL4 data suppressed by use of variable YL4 set .  



X. SWP WHEELING FOR THE CVP 

Wheeling arrangements involve the use of excess capacity in the pumping and 
conveyance f a c i l i t i e s  of the SWP to increase the amount of water the CVP can 
del iver  from the Delta. With its present Delta export f a c i l i t i e s ,  the CVP 
lacks the pumping and conveyance capacity to  del iver  to a l l  of its ex is t ing  and 
poten t ia l  contractors south of the Delta. The S W  has capacity in the 
California Aqueduct f o r  wheeling CVP supplies even though the ex is t ing  SHP's 
capacity a t  Banks Pumping Plant  ie only about 60 percent of the California 
Aqueduct capacity. Additional pumps currently planned f o r  1992 must 
beinsta l led to allow a s i m f i c a n t  increase in wheeling f o r  the CVP. 

CVP D e l t a  export capacity a t  Tracy Pumping Plant  is between 4,600 and 4,800 
c fs ,  but ac tua l  export amounts a t  Tracy Pumping P lan t  m y  vary due tocapaoity 
l imita t ions  in the Delta Mendota Canal. Also, CVP must reduce i t a  export to 
3,000 cfe  in May and June each year to meet D-1485 standards, included as 
Exhibit  A in the d r a f t  Coordinated Operations Agreement. The  procedure to 
overcome this operational constra int  is s e t  fo r th  in Exhibit D of the d ra f t  
agreement. 

Since wheeling is an important p a r t  of the simulated operation of CVP San L u i s  
Reservoir and the calculation of the CVP mle curve, it is necessary t o  
understand the methods and rules under which wheeling occurs i n  the simulation 
mode 1. 

Generally there  a r e  four  d i f fe ren t  purposes f o r  which CVP water can be wheeled 
by the SWP; the f i r s t  three a r e  mentioned in Art ic le  10 of the COA. 

(1) The SWP w i l l  wheel the amount of CW water necessary t o  compensate fo r  
the CVP pumping cu ra i lmen t  f r o m  4,600 c f s  t o  3,000 c f s  i n  May and 
June. [ ~ r t i c l e  10(b)] 

(2) The SWP w i l l  wheel CVP water f o r  scheduled and unscheduled maintenance 
and unforeseen outages of the CVP. [ ~ r t i c l e  10(c) and (d)] 

(3) The SWP w i l l  wheel water f o r  the CVP a s  may be agreed in the future  to 
make more e f f i c i e n t  use of water project  f a c i l i t i e s  and avai lable  water 
supplies. [ ~ r t i c l e  10 (h)]  

I n  a separate agreement, the SWP w i l l  wheel water to meet CYP cross Valley 
Canal demands through 1995 provided them is avai lable  SGTP pumping capacity 
a t  D e l l a  Pumping Plant. 

In the  a i m l a t i o n  model, the SWP D e l t a  Pumping P lan t  is normally operated t o  
meet a l l  sWP requirements each month befozw any wheeling of CVP water is 
permitted. It is possible, however, to dedicate a portion of the pumping 
p lan t  to the CW. The following procedum is normally used. 



There must be unused capacity available a t  the Harvey 0. Banks Pumping 
Plant. This condition occurs only a f t e r  it has pumped a s  much water 
a s  is available to the SWP from the Delta, or as necessary ta meet SUP 
demands and f i l l  SWP San Luis storage. Water available to the SW in 
May and June does not consider the 1,600 c fs  of CVP share of Delta 
supply a s  unused federal  water and theref om available t o  the SW. If 
SWP excess pumping capacity is available in May or  June it w i l l  be used 
to wheel a l l  or  pert of the 1,600 cfe of CVP water. 

( 2 )  The amount of CVP water wheeled in any month (whether f r o m  CW share of 
unstored flow or  upstream storage releases) w i l l  be limited to t h a t  
amount necessary t o  reach the t a rge t  storage specified by the CVP 
San Luis ru l e  curve. Once the ru l e  curve storage level  is reached, no 
fur ther  wheeling w i l l  occur-even i f  aurplua water is still available 
in the Delta. 

I n  ac tua l  simulation model s tudies  there are usually months i n  which 
wheeling of CVP water is requested to correspond w i t h  the demand pat tern 
but cannot be delivered due t o  lack of available capacity a t  the Banks 
Pumping Plant. A s  a r e s u l t  of such s i tua t ions  the end-of-month storage i n  
(=VP San Luis Reservoir w i l l  be below the ru le  curve target.  This scenario 
is ant ic ipated in the simulation model and normally does not  cause 
operational problems o r  CVP shortages. I n  subsequent months CVP storage in 
San Luis Reservoir w i l l  be f i l l e d  to the ru le  curve level  a s  soon aa excess 

; 

pumping capacity becomes available,  e i t he r  d i rec t ly  f r o m  the CVP Tracy 
Pumping P lan t  o r  by wheeling through the SWP pumping plant. 

' I 1 
3 When it is decided t h a t  wheeling is mandatory, a portion of the Banks 

Pumping Plant  w i l l  be removed and added m the Tracy Pumping Plant. 



X I .  ALTERNATIVE MODES OF OPERATION STUDIES 

Two types of planning simulation operation s tudies  a r e  normally conducted 
using DWRSIM, the Planning Simulation Model. They are: 

(a)  Firm Yield Operation Studies 
(b) Long-Term Operation Studies 

Firm Yield Operation Studies 

A " f i r m  y ie ld  studyn determines the nominal annual quanti ty of water that 
can be delivered to a service area (i.e., SWP contractors)  with a specif ied 
eyefem of f a c i l i t i e s  in operation and with cer ta in  allowable deficienciee. A 
simulated operation covering water years 1927 through 1935, a period that 
includes the most prolonged dry period of record in the Central  Valley, w i l l  
normally assure t h a t  a l l  system reservoirs a r e  a t  maximum operating leve l  i n  
the spring of 1928 and w i l l  be drawn down to minimum level  l a t e  in 1934. By 
def ini t ion,  the  allowable deficiency is 100% of the normal annual ag r i cu l tu r a l  
delivery over a seven year period but no more than 50% in any one year. 

This type of study involves some t r i a l s  so a s  to bring the  SWP reservoirs  to 
t h e i r  minimum operating leve ls  (i.e. 858 TAF in Lake Orovil le and 42 TAF in 
SWP portion of San ~ u i s ) .  Also, to be consistent ,  no surplus water is 
delivered during the 9-year operational period. Such s tudies  may a l s o  be run 
wing a simplified version of the model network in which a l l  the SW 
contractors are lumped i n t o  a f e w  control  pointa. 

Lo~R-Term Operation Studies 

This type of operation study is conducted to ascer ta in  the delivery performance 
of specif ied SWP f a c i l i t i e s  under a wide variety of hydrologic conditions. 
It is normally accomplished by simulating the system f o r  an operational 
period of 57 years, wa-r years 1922-1978. The goal is usually to maldmize 
averagedelivery but a t  the same time protect  the f i rm y ie ld  of the given B y s t e m  
of f a c i l i t i e s  a s  determined f r o m  a corresponding f i rm y i e ld  operation StUdy. 
Onevariation i e  to sac r i f i ce  f i r m  y ie ld  protection and determine the  increase 
in poten t ia l  average delivery. 

Additional data on the operation of the system must be aupplied as discussed 
below. 

(1 ) Variable Demand Data: 

When total contractor requests f o r  entitlement water exceed the f i r m  y i e ld  
capabi l i ty  of completed SWP f a c i l i t i e s ,  it w i l l  be frequently necessary t o  
l i m i t  annual water del iver ies  to maintain predetermined carry-over 
storage in system reservoirs. A variable demand data s e t  m ~ e t  be 
supplied which includes seven monthly d i s t r ibu t ion  patterns;  namely DT1 
through DT7. I n  this set, DT5 data is the same as f i r m  y ie ld  determined 
f r o m  a f i r m  y ie ld  study, and DT3 represents total "entitlement requestsn 
as requested by contractors and compiled by SWAO. Normally DT4 
represents demand data between DT5 and DT3. DT2 and DTI data s e t s  



rep-sent scheduled surplus and unscheduled surplus requests respectively, 
i f  assumed to be met in a given study. DT6 da& is 25% deficiency of the 
agr icu l tu ra l  portion of DT5, and DT7 is 10% deficiency of M & I  portion i n  
DT5. 

Target Carry-over Storage Bounds: 

This information defines lower and upper bounds of desired SW system 
carry-over storages (normally Oroville plus  SWP portion of San ~ u i s )  a s  of 
September 30 of any water year. A t  present there are  nine delivery 
classes,  DC1 through DC9, thus there a re  nine t a rge t  storage ranges, one 
f o r  each class.  I n  order to provide adequate protection to f i r m  y ie ld  i n  
the c r i t i c a l  period, and a l s o  to achieve some system-wide s tomge a t  the 
end of the c r i t i c a l  period, t a rge t  carry-over storages f o r  delivery 
c lasses  DC5 through DC9 a re  based on the corresponding firm yie ld  study 
end-of-September storages. The carry-over etorages f o r  delivery claeees 
DC1 through DC4 are generally the same and the difference in lower and 
upper bounds is very narrow. Any adjustments to ac tua l  del iver ies  during 
a delivery year  arch Through ~ e b r u a r y )  in the simulation model are made 
(upwards o r  downwards) s o  t h a t  ac tua l  end-of-Septembr storages w i l l  
f a l l  within the prescribed range. Table XI.1 contains a sample of 
t h i s  data. 

I n i t i a l  Delivery Class: 

To f a c i l i t a t e  determination of the delivery leve l  during a delivery year, 
an i n i t i a l  delivery c lass  1s assigned. This c l a s s  is based upon the four 
month spring mowmelt runoff calculated f o r  the fou r  basin index (i.e. 
April through July).  This i n i t i a l  c lass  value ranges from DC2 through 
DC5. Final  del iver ies  are determined during the simulation and apply f o r  
the March through February period. 

The procedure f o r  deciding what f i n a l  level  of de l iver ies  to make is 
carr ied out  a s  follows. Based on the i n i t i a l  delivery c lass  f o r  the 
current year of simulation, end-of-September carry-over storage in SWP 
system reservoirs  is computed a f t e r  the first cycle of study. A t  t h a t  
point  it is checked against  the lower and upper bounds of carry-over 
storage f o r  t h a t  delivery c l a s s  (as  shown i n  Table X I .  I ). If the 
etorage is above the upper bound, then the difference is computed and the 
delivery c lass  changed to the next c l a s s  ( increasing the amount of 
diversion). I n  t h i s  s tep,  the delivery class could a l s o  be in terpolated 
if t h a t  is what is needed to bring the ac tua l  carry-over etorage to within 
the revised delivery c l a s s l s  carry-over storage range. Once it is found 
to s a t i s f y  the end-of-September condition, the revised delivery c l a s s  is 
carr ied over to the following October through February period. A t  that 
time the procedure is repeated s t a r t i n g  with March of the next delivery 
year. This was the case when end-of-September storage was i n  a 'surplus1 
s i tuat ion.  The procedure to revise the delivery c lass  is iden t ica l  if 
computed carry-over storage is found to be below the lower bound of the 
diversion c lass ,  except t h a t  now the delivery would be decreased when 
changed to the next class.  No revision is needed i f  the i n i t i a l  
diversion c lass  brings the actual  carry-over storage to within the range 
of prescribed carry-over storage. 
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TABLE XI. I 

Delivery Classes and 
Carry-over Storage Ranges I 

(TAF 1 

Carry-0 ver Storage 

Lower Upper 
Diversion - Limit - Limit 

C l a s s  - T i t l e  - 
DC1 Entitlement Requests 

+ Scheduled Surplus 
+ Unscheduled Surplus 2,650 

DC2 Entitlement Requests 
+ Scheduled Surplus 2,650 

DC3 Nominal Yield 
+ 100% Unmet Ent i t l .  2,650 

DW Nominal Yield 
+ 50% Unmet Ent i t l .  2,650 

DC5 Nominal Yield . 1,600 
DC6 NominalYield . - 25% Ag. Diver. 1,000 
D c 7  Nominal Yield - 50% Ag. Diver. 1,000 
DCB Nominal Yield - 60% Ag. Diver. - 10% M & I  Diver. 1,000 
DC9 Nominal Yield - 80% Ag. Diver. - 30% M8rI Diver. 1,000 

' This includee Oroville, San Luis and Los Banos Grandea Reservoir, i f  any. 
Doee not include Feather River Service Area. 

XI . 3  



X I I .  SAN LUIS RESERVOIR OPERATIONS 

I Lrul Luis Reservoir is a jo int  federal-Slate f a c i l i t y  located near the 
ba l i forn ia  Aqueduct i n  western Merced County. O f  the total capacity of 2,038 
TAF, 971 TAF is allocated to CYP stone and the remaining 1,067 TAF to SUP 
storage. Its primary purpose is to s tore  water in winter months f o r  
subsequent use in meeting summer demands. 

I 
! 

, 

I i 

11 I~1i~eneral Concepts f o r  S w  L u i s  Rule Curves 

Lan Luis Reservoir is normally operated in a cycl ic  pattern t h a t  fills the  
reservoir  to capacity each winter, and then empties it to meet project  demands 
each summer. The operation of CVP and SWP portiona of San Luis a r e  controlled 
l n  the model by t h e i r  respective "rule curvesw. These rule  curves specify the 
desired pattern of m i n i m u m  end-of-month storage requirements, which when 
maintained w i l l  r e s u l t  in an e f f i c i e n t  cyclic operation of Sacramento Basin 
storage and use of unregulated inflow to the Delta. 

1 

In  both the CVP and SWP San L u i s  storage operations there a r e  two d i s t i n c t  
components of the annual ru le  curve cycle. These a r e  the winter season f i l l i n g  
mode and the summer season withdrawal mode. The goal of the f i l l i n g  mode 
operation is to f i l l  San Luis storage to its maximum capacity u t i l i z i n g  s u r p l u  
unregulated Delta inflow to the maximum extent. I n  the summer months the 
operational goal is t o  withdraw water f r o m  stozage in a manner t ha t  w i l l  meet 
summer demands and require minlrm storage withdrawals f r o m  Sacramento Basin' 
reservoirs f o r  d i r ec t  pumping from the D e l t a .  

The mode of operation f o r  San L u i s  Reservoir plays a s ign i f ican t  ro le  in the 
simulation model operation. An operational objective t h a t  seeks to fill San 
Luis ear ly  or  to maintain high l eve ls  during the summer can t r igger  releases 
from Oroville storage or  es tab l i sh  monthly export pat terns  f r o m  the Delta. 
Operational objectives f o r  the CVP portion of San L u i s  can be used t o  t r igger  
wheeling by the SW f o r  the CW when desired. 

1 

1 
I 

I 

During the w i n t e r  mode of operation, m a x i m  project  yield and total delivery 
capabil i ty a r e  achieved by f i l l i n g  San L u i s  storage f r o m  surplus Delta inflows 
whenever available. Thus, the ru le  curves a re  d e s i e e d  to specify minimum end- 
of-month storage levels  that w i l l  not  require f i l l i n g  of San L u i s  storage u n t i l  
as late as possible i n to  the winter season. I n  t h i s  manner the maximum amount 
of empty capacity i n  San Luis Reservoir is available f o r  the storage of eurplus 
D e l f a  water. I n  a dry w i n t e r  with l i t t l e  o r  no unregulated flow, San L u i s  
s torage can still be f i l l e d  in accordance with the monthly ru le  curve 
requirements via storage withdrawals f r o m  upstream reservoirs. 

/ 

I 

' 

I 

The  summer portion of the  San L u i s  rule curves a re  dependent on the 
re la t ionship between t o t a l  south of Delta demands (including aqueduct losses 
and reservoir  evaporation) and the t o t a l  water supply available in storage.The 
ru le  curves are generally designed to fu l ly  u t i l i z e  the available storage i n  
San Luis Reservoir, and then supplement t h a t  storage supply w i t h  addi t ional  
d i r ec t  pumping f r o m  the Delta a s  needed. I n  s i tua t ions  where greater pumping 
p lan t  capacity is available than w i l l  be needed, the ru le  curve can be designed 
to t r igger  upstream storage releases and pumping from the Delta to occur i n  



any o r  a l l  summer and f a l l  months (when inflows i n t o  the Delta a re  usually 
lowest). Summer month ru le  curve storages can, to some extent,  be designed t o  
optimize energy generation and use, mcreat ion levels ,  and reduce seepage- 
problems. Since rule  curves a re  designed to balance water supply capabi l i ty  
with t o t a l  demands south of the Delta, it follows t h a t  any s ign i f ican t  changes 
in demand projections ( t o t a l s  and d i s t r ibu t ion  pat terns) ,  capaci t ies  of CVP and 
SWP pumping plants ,  o r  any constra ints  on operation of San L u i s  Reservoir may 
necessi ta te  the recalculation of rule  curves. I n  addit ion,  changes in Delta 
outflow requirements (such as D-1485 s t r iped  bass r e s t r i c t i ons  o r  carriage 
wa-r requirements) o r  the addit ion of new system f a c i l i t i e s  (euch a s  a Los 
Banoa Reservoir, o r  a thru-Delta f a c i l i t y )  may impact the calculation of a San 
Luis ru l e  curve. 

CVP San Luis Rule Curve 

For any etudy the calculation of a CVP San L u i s  ru le  curve is carr ied out i n  
three steps: (1) determination of the monthly export capacity of Tracy 
Pumping Plant;  (2) tabulation of t o t a l  CVP demands t o  be m e t  f r o m  CVP San L u i s  
storage and Tracy Pumping Plant;  and (3) calculation of end-of-month ta rge t  
storages. A l l  three s teps  a re  usually carr ied out twice, once f o r  t o t a l  CVP 
demands in normal delivery years, and a second t i m e  f o r  reduced CVP demands 
which occur in c r i t i c a l  years, when deficiencies a re  imposed. I f  wheeling is 
to be provided on pat tern  by the  SWP, such a s  f o r  Kern Cross Valley Canal, 
these demands a r e  not included in s tep  2. To model wheeling f o r  D-1485 
nCondition 3" make-up water, the f u l l  export capacity of Tracy Pumping P l an t  
is used i n  s t ep  1. 

The maximum and minimum t a rge t  storages f o r  the operation of CVP San Luis 
Reservoir in a normal year a re  fixed a t  971 TAF ( f u l l )  a t  the end of March and 
38 TAF (minimum pool) a t  the end of August. A desirable minimum etomge a t  
the end of August is 167 TAF, the  CVP share of the desirable minimum recreat ion 
level. However, this storage is not mandatory. By comparing the monthly Tracy 
Pumping P lan t  capaci t ies  with the monthly demands, a preliminary evaluation of 
the amount of wa-r needed from CVP San L u i s  s torage can be made. I n  general, 
the t o t a l  CVP demands south of the Delta w i l l  approach, o r  sometimes exceed, 
the  annual capacity of the Tmcy Pumping Plant ,  s ince the pumping p lan t  and the 
limited capacity of the Delta Mendota Canal t o  OtNei l l  Forebgy a r e  current ly  
constra ints  in the CVP delivery system. 

CVP San L u i s  ru le  curve storage is s e t  a t  f u l l  capacity f o r  the end of March 
(beginning of high demand summer months i.e., April through ~ u g u s t )  . Thus, 
0 demand during this period could be met with d i r ec t  pumping by Tracy Pumping 
Plant ,  an agreed level  of SWP wheeling, and u t i l i z i n g  San L u i s  storage. 
If f o r  some reason there is excess CVP pumping capacity available during this 
period it is usually a l located t o  September and October. 

Similar  guidelines can be established f o r  the w i n t e r  mode (~eptember through 
 arch) of operation of San Luis Reservoir. I n  these months the ru l e  curve must 
be desi-ed t o  meet monthly CVP demands and r e f i l l  San Luis Reservoir to its 
f u l l  capacity by end of Harch. 



A s  mentioned e a r l i e r ,  it is usually advisable to calculate a different  San 
Luis rule  curve f o r  those years when CVP imposes deficiencies on its normal 
demands. There is usually greater f l e x i b i l i t y  in how the CVP operates because 
Tracy Pumping Plant  capacity is more than is needed to meet the reduced level 
of demands. The end of February target  storage should be similar to a normal 
year ru le  curve so tha t  when the rule  curves are  switched between reduced 
delivery and normal delivery, Stan Luis oan be f i l l e d  as  needed to  meet demands 
under e i the r  operational mode. Other c r i t e r i a  which may be kept in mind is 
to maximize pumping during winter manthe (~ovember through m arch) and thus 
capturing Delta surplus flows as much a s  possible, and which in turn, w i l l  
mduce storage releases and summer pumping to a minimum. 

SWP San Luis Rule Curve 

The SWP San L u i s  rule  curve is a lso  developed i n  three steps: (1) determination 
of the monthly export capacity of Banks Delta Pumping Plant; (2) tabulation of 
total SWP demands to be met from SWP San L u i s  storage and d i rec t  pumping from 
the Delta; and (3) computation of end-of-month ta rge t  storages. These steps 
may have to be repeated depending on the range of demands to be met i n  the 
study. 

One of *e c u m n t  methods of simulating the operation of the SW is to  u t i l i z e  
the March forecast  of Central Valley runoff and calculate the amount of 
delivery that can be made to SWP contractors that w i l l  produce an end-of- 
September carry-over storage in project reservoirs w i t h i n  an acceptable range. 
The procedure is discussed in the section ent i t led  nAlternative Modes of 
Operation Studiesn. Under t h i s  concept the maximum delivery equals entitlement 
requests plus scheduled and unscheduled surplus. Minimum delivery usually 
occum in 1977, an extremely c r i t i c a l  year, when carry-over storage is allowed 
to drop to m i n i m u m  operating levels. This variable delivery operational mode 
only af fec ts  s tep 2 in the process of determining San Luis ru le  curves. 

A t  the pressnt t i m e  three rule curves a re  considered suf f ic ien t  to operate the 
SWP portion of San Luis Reservoir. One of these would be calculated based on 
entitlement request, me on firm yield capability, and the th i rd  assuming en 
agricul tural  deficiency of 33%. Since ru le  curve ta rge t  storages must be 
included a s  data ( ~ a ~ e  5 ) .  they can be selected in a manner similar to the 
n l n i t i a l  delivery classtt  previously discussed. Rule curves based on deficient 
year deliveries can be inserted i n  those years i n  which shortages occur; 1924, 
1931 , 1933, 1934 and 1977. 

Other considerations in developing the San L u i s  rule curves f o r  SWP operation 
are similar to those f o r  the CVP. Maximum and minimum targe t  storages f o r  the 
operation of SW San L u i s  are  fixed a t  1,065 TAF (1,067 TAF is f u l l )  a t  the 
end of April and 183 TAF a t  the end of August (sWP share of desirable San Luis 
storage of 350 TAF recreation pool up to Labor ~ a y ) .  Minimum storage can be 
42 TAF fo r  SWP San Luis. Normally it is easy to meet the total SWP demands 
since Banks Pumping Plant capacity is larger than maximum delivery levels. 

A s  a general guideline, San Luis is f i l l e d  in the winter using surplus Delta 
flows, but not l a t e r  than the end of April. A t  the same t i m e ,  during this 
f i l l i n g  cycle, the rule.  curve must be able to meet the maxirmun delivery level. 



CALIFORNIA AQUEDUCT OPERATIONS 

In the south Delta, Clifton Court Forebay is a 28,653 AF reservoir a t  sea 
level  from which Harvey 0. Banks Delta Pumping Plant lifts water to an 
elevation of 244 f e e t  where it flows by gravity in a concrete-lined canal 
w i t h  a maximum capacity of 10,300 cf8 t o  Bethany Reservoir. This reservoir 
a c t s  ae the f orebay f o r  the South Bay Pumping Plant  of the South Bay Aqueduct, 
which supplies water to Alameda and Santa Clara Counties. The California 
Aqueduct from Bethany Reservoir to O'Neill Forebay is a concrete-lined canal 
with a capacity of 10,000 cfs. The 300 c f s  reduction ref lec ts  the diversions 
to the South Bay Aqueduct. Most of the water pumped a t  Banks Pumping Plant 
flows in to  the California Aqueduct f o r  conveyance to OINeill Forebay. From 
OINeill water can continue to flow southward by gravity to Dos Amigos Pumping 
Plant or be pumped in to  San L u i s  Reservoir, operated jointly by the Department 
of Water Resources and the Bureau of Reclamtion. A pumping-generating plant 
with a pumping capacity of 11,000 c f s  l if ts  the water 327 f e e t  under maximum 
head conditions to thls reservoir. The pumging head ie a function of total 
water in storage a t  San Luis. 

i ' 
' I  

The San Luis Division, extending southward from O'Neill Forebay t o  Kettleman ' City, a distance of about 103 mlles, is a joinl+- f a c i l i t y  w i t h  a mailmum 

' 1  design capacity of 13,100 c f s  of which 7,100 c f s  is provided f o r  S ta t e  me. 
capacity decreases to 8,350 c f s  a t  the lower end of this f a c i l i t y  (Check 

21) of which 7,050 c f s  is f o r  S ta t e  use. Project demands in the fu tum could 
require an increase in the Sta te  capacity to 8,100 c f s  a t  the head of the j o i n t  

f a c i l i t i e s .  Doe Amigos Pumping Plant is located in this reach of the 

1 aqueduct. The plant  has s i x  pumping uni t s  t ha t  can lift 13,200 c f s  of water 
113 f e e t  under normal s t a t i c  head from where it flows the remaining 86 miles to 

) Kettle- City. 
I 

I '  

I 

The conveyance system from Kettleman City to A. D m  Edmonston Pumping Plant 
includes about 120 miles of concrete-lined canal and Buena V i s t a ,  Wheeler Ridge 
and Wing Cap Pumping Plants. Aqueduct capacity decreases from 8,100 c f s  below 
check 21 to 4,400 c f s  through thie portion of canal, ref lect ing water 
deliveries to various water contractors along the way a s  well a s  diversion of 
f l o w  to the Coastal Branch. The Coastal Branch, when completed, w i l l  serve 
Sen- Barbara and San L u i s  0 bispo Counties. From Kettleman City to  Buena Vista 
Pumping Plant there is about 79 miles of concrete-lined canal w i t h  gravity 
flow. The Buena Via*& Pumping Plant is the s t a r t ing  point f o r  a se r i e s  of 
pumping l if ts  required to bring water to the foot of the Tehachapi Mountains. 
Buena Vista Pumping Plant, with 10 pumping units, including one spare uni t ,  has 
the capacity t o  lift 5,405 c f s  about 205 feet.  The Wheeler Ridge Pumping 
Plant,  with nine pumping units, including one spare un i t ,  has a combined 
capacity of 5,445 c f s  and l i f t s  water an additional 233 feet .  The Wind Cap 
Pumping Plant  provides the f i n a l  518 f e e t  of l i f t  i n  thls chain with nine 
pumping uni ts ,  including one spare uni t ,  tha t  have a combined capacity of 4,995 
cfs. 

?t~ie California Aqueduct is the major conveyance f a c i l i t y  of the S ta te  Water 
Project and extends 444 miles from Sacramen-San Joaquin Delta to Pe r r l s  
Reservoir in Southern California. Its basic function ie to transport water 

/ supplies from the Delta to the San Joaquin Valley and Southern Califomla and 
through branch aqueducta to the south San Francisco Bay Area and to Santa 
Barbara and San Luis Obiepo Counties. 



A t  the Tehachapis, the g ian t  A. D. Edmonston Pumping Plant ra ises  the water 
1,970 f e e t  in a s ingle  lift in to  the Tehachapi Crossing, 8.5 miles of tunnels 
and siphons which traverse the mountain range. A f t e r  crossing the Tehachapis, 
the aqueduct divides. The East Branch car r ies  water through Antelope Valley 
and i n t o  Silverwood Lake in the San Bernardino Mountains. From Silverwood, the 
water enters  the San Bernardino Tunnel and drops 1,418 f e e t  i n to  Devil Canyan 
Powerplant, then flows through a buried pipeline to Lake Pe r r i s  southeast of 
Riverside, the southernmost lxrminue of the project. ljater i n  the West Branch 
is pumped into Qua i l  Lake, f r o m  which it drops through the W i l l i a m  E. Wame 
Powerplant i n t o  Pyramid Lake i n  northwest Los Angeles County, through the 
Angeles Tunnel in to  the Castaic Powerplant, and then in to  Elderberry Forebay 
and Castaic Lake, terminus of the West Branch. 

Sta te  Water Project  Analysis Office (SWAO) has subdivided the California 
Aqueduct i n t o  repayment reaches (see Figure XIII.1). The project  contractors 
draw t h e i r  water supplies a t  d i f fe ren t  tarnouts along the various reaches. For 
the purpose of simulation the del iver ies  t o  the contractors from the various 
reaches have been aggregated into control point  diversions. Some spec i f ic  
locations on the Aqueduct can be iden t i f ied  with Control Points in the 
simulation model. Tables X I 1 1  .1 and XIII.2 list the relationship between 
reaches and control  points. Figure XIII.2 shows this relationship along with 
f l o w  carrying capacity of the various reaches and a t  the control points. 

Opea t ion  of the California Aqueduct is affected by physical l imi t s  a t  various 
locations lm convey water t o  the downstream users. These physical l i m i t a  a re  
placed on the aqueduct a s  input to the model. The l imits ,  a s  shown in 
Table XIII.2 a t  the various control points along the aqueduct, a r e  chosen 
based on the carrying capacity of the aqueduct and/or pumping p lan t  capacity, 
which ever is applicable f o r  t h a t  control point. 
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~ ~ X I V .  C O N J U N C T I V E  O P E R A T I O N  OF GROUIJD WATER S T O R A G E  
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? I n  order to maximize the use of surplus water i n  the Delta, ground water 
storage projects  south of the Delta may be established and operated as an 
integrated system with the surface water storage north of the Delfa. 

1 

1 

1 

' 
1 

, 
l i  

The recharge pat tern  f o r  ground water basins may be s e t  a s  a constant amount 
o r  it may be varied on a 12-month pattern. I n  the same manner, ground water 
withdrawals may be assumed a s  constant or variable each month. Depending on 
water year type, a s  determined by the four  r i ve r  index, the model w i l l  assume 
that e i t h e r  recharge or  withdrawals occur beginning i n  March and continuing 
through the following February. The model was designed to assume that  when 
withdrawals a r e  necessary, they begin in March t o  assist in meeting demands 
during the operation year. The n t i o n a l e  f o r  t h i s  is t h a t  under ac tua l  SW 
operation project  operators could forecas t  the need f o r  supplement supply and 
not  wait u n t i l  summer to determine t h a t  ground water withdrawals would be 
needed. It would then be too l a t e  to provide much delivery ass is tance s ince 
the  monthly ground water withdrawal r a t e s  would be limited. 

I 

I 
I 
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The simulation model, a t  present, t r e a t s  the integrated ground water p ro jec t s  
a s  simple reservoirs in the network and pa r t  of the SWP system. Conjunctive 
operation of ground water projects  provides t h a t  storage releases f r o m  
Orovil le and San L u i s  Reservoirs, a s  well a s  Delta surpluses, a re  used f o r  
recharge. One or more ground water projects,  a s  represented on the network 
diagram i n  Figure 1.2, may be simulated. 

The model has the f l e x i b i l i t y  to es tab l i sh  which year types w i l l  have recharge 
and which year types w i l l  have withdrawals. For example, one may specify to 
recharge in wet, above normal, and even below normal year types. Additional 
ru les  a l s o  govern the operation of the integrated ground water reservoirs. 
Regardless of the year type, ground water recharge w i l l  be discontinued if 
Orovil le Reservoir f a l l s  below a par t icu la r  monthly t a rge t  l eve l  (established 
a t  the beginning of the study). A t  present, level  two ( R L ~ )  a t  Orovil le 
Reservoir is used f o r  th is  purpose. Further, ground water withdrawals w i l l  
begin i f  Orovil le Reservoir f a l l s  below still another specified ta rge t  level  a t  
the end of February. Ground water withdrawals w i l l  be discontinued during 
those months i n  c r i t i c a l  years when ( I )  there is surplus Delta outflow, (2) a l l  
SW storage f a c i l i t i e s  south of the Delta a re  f u l l ,  and (3) there is Delta 
Pumping P lan t  space and aqueduct capacity avai lable  t o  meet demands d i r ec t l y  
f r o m  the Delta. Various other recharge and withdrawal assumptions can be 
e a s i l y  incorporated. 

1 

Ground water projects  south of the Delta can a l so  be viewed a s  loca l  ground 
water f a c i l i t i e s  t h a t  are  not fu l l y  integrated i n to  the SWP system. I n  these 
instances, the local  ground water projects a re  simply viewed by the model a s  
addi t ional  water demands on some specified pattern,  and the operation of the  
l oca l  ground water reservoirs per se  a re  not simulated. 



TABLE XI11 .l 

Control Points Representation of Reaches 
of the California Aqueduct 

Control Point 
Labe 1 Aqueduct Reaches 

North Bay Aqueduct INB, 2NB, 3NB 

South Bay Aqueduct lSB, 2SB, 4SB, 5SB, 6SB, 7SB, 8SB, 9SB 
1, 2A, 2B, 3 

Coastal Branch; 
Reaches 4-8D 4, 5 ,  6, 7, 8C, 3 1 A s  3 3 A ,  34, 35 

SWP Reaches 
9+20$ 1OA 9, 20% of 10A 

Cross Valley Canal 12E 

SWP Reaches 80% 10A - 
13B; Buena V i s t a  PP IIB, 12D, 12E, 13B, 80% of 1 O A  

SWP Reaches 
14A - 14C; 
Wheeler Rldge PP 1 4 A ,  14B,  14c 

SWP Reach 15A; 
Wind Gap PP 15A 

SWP Reach 16A; 
Edmonston PP 16A 

SWP Reaches 
17E - 17F 17E, 17F 

SWP Reaches 
18A-22A 18A, 19, 20A, 20B, 21 , 22A 
Pearblossom PP 

SWP Reaches 

Silverwood Lake 22B, 23 , 24 

SWP Reaches 
25, 26A 

SWP Reaches 
28G28 J ; 
Lake Perr i s  28G, 28H, 285 

SWP Reaches 
29A-29 J ; 
Pyramid Reservoir 29A, 29F, 29G, 29H, 295 

SWP Reach 30 
Castaic aeservoir 30 

XIII.4 



I TABLE XIII.2 

Maximum Flow Carrying Capacities a t  Various Control Points 

Control 1 Point Aqueduct Fac i l i ty  

1 86 Delta Pump (exis t )  
86 Delta Pump (enl lg)  

Pool 1 
63 Below Bethany 
12 Do8 Amigos Pump 

Pool 19 (exiet)  

Pool 14 ( fu tum)  
1 27 Coastal Branch 

Pool 23 
1 22 Pool 25 
123 P6ol 28 and Cross 

Valley Canal 
131 Buena V i s t a  Pump 

Pool 30 
1 24 Wheeler Ridge Pump 

Pool 35 
125 Wind Gap Pump 

Pool 37 
126 Edmonston Pump 

Pool 41 
132 Pool 41 
133 Birfurcation Pool 42 
130 Alamo PH 

Pool 43 (ex is t )  
Pool 43 (futur8) 

1 34 Pearblossom Pump 
Pool 59 (ex is t )  
Pool 59 (future) 

25 Devil Canyon PH 
Pool 65 Penstock 
Pool 66 Af t e rba j  
Pool 65 ( ~ u t u r e )  

1 37 Sante Ana Pipeline 
133 Div Oao Pump 

Pool 1 
139 Pyramid PH 

Peace Valley Pipe 
& Gorman C r  

PH ( ~ u t u r e )  

Capacity 
CFS Comments 

allow 2.5% outage 
5.7% outage 

allows f o r  Reach 
485 loseres 

3.3% outage 

6.6% outage 

.15.5% outage 

12.0% outage 

1 unit kept as  spare 

East Branch En1 
5.2% outage 

East Branch En1 

3.8% outage 

+SWP share 
Controlling flow capacity f o r  the Control Point 



M d e l  OM Model OM 
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Diversion t o  
Coastal  Branch 
Check 22 ------ --------- 

ED I ::::: 9 7,300 
9 

.----- ---- - -  
Feature Reach Capacity Control . ~ x i s t _ i s ~  Futyre Feature  Reach Capac_ity C-on!rol ~ x i s t _ i i ~  Futyre 

Check 23 

Check 24 

C l i f t o n  Court FB 
H 0 Banks Delta PP 1 

Bethany Re8 
(South Bay PP) 
Check 1 2A 
Check 9 ------ 

28 
Check 12 
0 ' ~ e i l l  FB 
(Sen Luis Res) 

Diversion t o  Lo8 3 
Banos Grandes Res 

Dos Amigos PP 
4 

Check 15 
5 

Check 18 
X 
H 6 
H 
H Check 19 
QI 7 

Check 21 -,,-,- 
Kettleman Ci ty  8C 

Devil  Canyon PH 

Check 66 

c f s  - P 

A D Edmonston PP 6,240 10,300 4,090 

10,300 

------- --- 10,000 Bi fu rca t ion  
Cottonwood PH 

10,000 1,637 3,037 ---------------- 
Check 46 

7,100 8,100 
7,100 Check 50 

(13,100) Check 53 
7,066 8,100 

6,350 Santa  Ana 
1 1 B  P ipe l ine  

Check 25 ---------------- 
Tupman 

12E Lake P e r r i s  
Check 28 

138 West Branch 
Buena Vis ta  PP 5,050 Bi fu rca t ion  

A 
14A 5,050 080 PP 

Check 32 ---------------- 
148 4,900 

Check 34 ---------------- 
14C Peace Valley Pipe 

Wheeler Ridge PP 15A 
4,600 4,600 Pyramid PH 

P 

---------------- 
7,100 

--,-,-,iZla!P9l- 
7,050 

----,-,-i~a?2?l, 
7,050 

-,iQa22Ol- 

Wind Cap PP 9 4*400 

Check 56 

Pearblossom PP 

Check 64 

S ilverwood Lake 

Pyramid Reservoir 

Cas ta ic  PH 

Cas ta ic  Lake 



XV. OPERATION OF SOUTHERN CALIFORNIA TERMINAL RESERVOIRS 
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On the West Branch of the California Aqueduct there are  two more regulatory 
m8ervoin .  Pyramid Lake contain. a gross capacitg of 171 TAF' and Castaic 
Lake serves as the terminal reservoir  on the West Branch with a gross capacity 
of 324 TAF. Both of these reservoirs provide opportunities f o r  generation of 
hydroelectric power. 

I 

~ 

On the East  Branch of the California Aqueduct there are  two regulating 
reservoirs,  Silverwood Lake and a terminal reservoir  a t  Perris. They provide 
an annual regulatory storage of about 60 TAF. Water held in storage a l s o  
eerves a s  insurance in case there is a prolonged outage in the Calffornia 
Aqueduct. Water flows by gravity f r o m  Silverwood Lake through San Bernardino 
Tunnel, through Devil Canyon Powerplant and f i n a l l y  to Lake Perris .  

' I  
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There a r e  several  fundamental considerations which m a t  be kept in mind while 
se t t i ng  ta rge t  storeges f o r  the terminal reservoir  operations: 

I 
I  

~ 
I  
I 

SilverWood Pe r r i s  Castaic 
( ~ l l  Values i n  TAF 

(1) Under the water supply contracts with the SlJP Contractors these 
reservoirs are not considered conservation f a c i l i t i e s ,  and hence, should 
not be considered other than limited annual cycl ic  storage f o r  the purpose 
of contributing to project  yield. 

I 

I 

I 
1 
i 
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Minimum Storage # -0 31 .O 120 .O 55 -0 
Normal Cycle Mini- 4-4 a0 9'7.0 170.0 125 .O 
Xaximum Storage 75 m0 131 -0 171 -0 324 -0 

(2) For Pyramid Lake tb. reservoir  should not be allowed to drop belou the 170 
TAF level  as agreed upon by DWR and LADW. Lower operations would only be 
allowed f o r  shor t  t i m e  periods or  under emergency conditions. 

~ ~ 
I 

(3) For Castaic Lake the drawdown between April and September should nbt  
exceed 90 f t  (164 TAF storeige) a s  per Memo of Understanding with USFS 
dated January 9,  1970. 

~ 
I ~ 

(4) Based 6n information supplied by Division of Operations and Maintenance 
the following minimum and maximum operating storages may be used f o r  the  
four  reservoirs. 

i 
i 

Note t h a t  m i n i m u m  storage of 120 TAF' in Pyramid Lake is t o  maintain power 
generation head. 

1 1  
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Bawd upon the above considerations and keeping i n  mind that the r e s e r v o i n  
a n  operatad to deliver some of the entitlement water in summer months. The 
following set of ru le  curves, t a rge t  end-of-month storages (TABLE XV.1) have 
been designed and may be used f o r  sirnulatian purposes f o r  any present or  future  
level  studies,  i r respect ive of the demand being placed on the SyStam- 



TABLE XV e l  

Rule Curves For Terminal Reservoirs 
End of Xonth Storage in  TAF 

Silverwood Perrie Pyramld 



Appendix A 

Delta Outflow Requirements for 
Use In Planning Simulation Model 



This Appendix describes the assumptions and procedums currently used i n  
the development of data s e t s  f o r  ( I )  D-1485 minimum required delta outf lows 
(c.P. 58 ~ i v e r s i o n ) ,  (11)' additional delta outflows required by D W R t s  contract  
with North Delta Water Agency (c.P. 56 ~ i v e r s i o n ) ,  and (111) carriage water 
requirements (c.P. 60 ~ i v e r s i o n ) .  For any simulation model study the total 
D e l t a  outflow requirement w i l l  always be the sum of these three diversion 
components a s  they appear in the study r e su l t s  (output Tape 7). Much of the 
basic outflow data has been provided by Central D i s t r i c t  personnel, since they 
developed the relationships necessary t o  convert D-1485 water qual i ty  
mquirementa ( e l ec t r i ca l  conductivity, t o t a l  chlorides, etc. ) into 
corresponding flow unite (cf s ) . 
I. Derivation of D-1485 M i n i m u m  D e l t a  Outflow Requirements: 

The data l ib ra ry  currently contains four  versions of the D-1485 min imum 
outflow requirements a s  s h m  in the accompanying Tables A-1 through 
84. These four  versions a r e  based on (1 ) two f low/ealinlty 
relationships f o r  the Emmaton agr icu l tura l  standard, and (2) the  ehoice 
of assuming e i the r  Interim o r  Permanent Suisun Marah c r i t e r i a .  These two 
a l te rna t ive  c r i t e r i a ,  a s  well as other assumptions common to a l l  four 
versions of the C.P. 58 diversion seta, a re  described a s  follows: 

A. Emmaton ~ l o w / ~ a l i n i t y  Relationship: 

Central D i s t r i c t  currently haa two estimates of the amount of flow 
required t o  maintain the Emmaton agr icu l tura l  water qual i ty  
requirement (EC unite). For example, the "oldn relationship c a l l s  
f o r  a flow of 6,200 cfs to maintain a 0.45 EC, while the more 
recent lrnewn relationship requires a flow of 7,583 c f s  to mafn&in 
the same 0.45 EC a t  Emmaton. We a re  currently using the "newn 
Emmaton relationship in most simulation model studies,  since i% 
produces t o t a l  outflow requirements that are s imilar  to  that used in 
the COA studies. 

B. Interim or  Permanent Suisun Marsh Criteria:  

Two versions of D-1485 outflow requirements have been established 
regarding f i s h  and wildl i fe  standards f o r  the Suisun Marsh area. A s  
specif ied in D-1485, the  Interim Marsh requirements (primarily a t  
Chipps Island) a r e  to be maintained u n t i l  t ha t  time in the future 
when permanent f a c i l i t i e s  are constructed to improve Suieun Harsh 
conditions ( i n i t i a l l y  the Montezuma Slough Control s t ructure) .  Once 
these permanent f a c i l i t i e s  a r e  in operation, D-1485 spec i f ies  that 
a l te rna te  (often lower) flow requirements w i l l  be allowed a t  Chipps 
Island. These alternate D-1485 c r i t e r i a  with Permanent Suisun Marsh 
f a c i l i t i e s  a re  estimated requirements (by Central ~ i s t r i c t )  , and w i l l  
be subject  to change, depending on how well  the proposed Permanent 
F a c i l i t i e s  actually work. Since there a r e  f i v e  d i s t i nc t  Chipps 
Is land standards specified in D-1485, switching from Interim to 
Permanent Suisun Marsh c r i t e r i a  involves numerous epecific changes t o  
the YD58 data seta. 



It should a l so  be noted tha t  the two YD58 data s e t s  with Permanent 
Marsh sbndards  do not include m y  additional water f o r  diversion 
i n t o  Suisun Harsh via the Montezuma Slough Control S t ruca re .  
Central D i s t r i c t  has recently evaluated various estimates (800 c f s  
diversion f o r  e ight  months each year),  but the amount needed f o r  this 
diversion has not been finalized. Thus, the two YD58 data sets with 
Permanent Marsh standards may underestimate the t o t a l  amount of 
required Delta ouff low. 

Additional assumptions common to a l l  four YD58 data aeta are  a s  follows: 

C. April 1 - May 5 deficiency year outflow relaxation f o r  Antioch 
Waterworks f i s h  and wildl i fe  c r i t e r i a :  

A s  specified in D-1485, this outflow standard can be relaxed 
(reduced) f r o m  April 1 through May 5 i n  any Dry o r  Cr i t i ca l  year when 
e i t h e r  the CVP or  SW impose deficiencies on t h e i r  contract  water 
deliveries.  The amount of outflow relaxation allowed varies in 
proportion to the t o t a l  (both CVP and SWP) systemwide project  
deficiency imposed in MAF/year units. Theref ore, the amount of 
relaxation of this standard w i l l  vary with each simulation model 
study, depending on the level  of CVP and SWP demands assumed. The 
four  YD58 s e t s  in the dam l ibrary  have April 1 through May 5 outflow 
relaxations incorporated in deficiency years, based on the following 
CVP and SW assumptions: 

o both the CVP and SWP imposed 25% a 'p i cu l tu ra l  deficiencies i n  the 
following years* 1924, 1929, 1931 , 1933 , 1934 and 1976; plus a 509 
agr icu l tura l  deficiency i n  1977. 

o the combined CVP and SWP 25% deficiency is assumed to be 1.776 
 year, based on avemge year 2000 level  demands. 

D m  Special October through December deficiency year relaxation fo r  use 
only when Interim Suisun Marsh c r i t e r i a  are assumed: 

A s  specified in D-1485, the Interim Suisun Marsh c r i t e r i a  allow an 
addit ional outflow relaxation f r o m  October 1 through December 31 of 
any Dry o r  Cr i t i ca l  year in which e i the r  the  SWP o r  CVP imposes a 
deficiency on project  demands. T h i s  is a fixed outflow relaxation 
f r o m  4,500 c f s  to 3,500 cfs (based on Central D i s t r i c t  data), and is 
imposed in f u l l  or  not a t  a l l .  When Permanent Suisun Marsh 
f a c i l i t i e s  a re  assumed this special  relaxation c r i t e r i a  is eliminated. 

Thus, the two versions of YD58 data s e t s  with Intxrim Marsh c r i t e r i a  
assume t h i s  relaxation in a l l  the CVP and SW deficiency yeara l i s t e d  
in the preceeding Section. 



E. D-1485 M&I standard f o r  chloride levels  (mg/l) a t  Antioch Waterworks 
Intake on the San Joaquin River: 

This c r i t e r i a  is not included i n  the four YD58 data s e t s  currently 
used in the simulation model, and is d i f f i c u l t  to evaluate. Since 
the  units are  specified in mg/l, relat ionships must be developed by 
Central D i s t r i c t  personnel to  convert this c r i t e r i a  to flow uni ta  i n  
cfs. However, such a re la t ionship Is d i f f i c u l t  to develop, since 
chloride concentrations i n  mg/l can vary f o r  any given flow rate. A s  
an a l te rna t ive  Central D i s t r i c t  does have the capabi l i ty  to evaluate 
t o t a l  D e l t a  outflows resu l t ing  from our Planning Simulation Model 
s tudies ,  in order to verify that M & I  standards ( fo r  chlorides) have 
been maintained. 

F. D-1485 f i s h  and wi ld l i fe  c r i t e r i a  a t  Rio V i s t a  f o r  salmon migrations: 

For September 1 through December 31, t h i s  c r i t e r i a  f o r  minimum 
f i shery  flows in the lower Sacramento River is not modeled in the 
four  YD58 data s e t s  currently used. Except f o r  Wet year 
c lass i f ica t ions  (with a 5,000 c f s  f ishery flow requirement), this 
flow is always smaller than other D-1485 standards f o r  the same 
period and thus is not a control l ing outflow requirement. 

For the 5,000 c f s  Sept.-Dec. f l o w  requirement i n  Wet yeare, the fou r  
YD58 data s e t s  assume that a "thru-Deltan f a c i l i t y  does not ex i s t .  
A s  such it is assumed t h a t  CW and SWP water f o r  export w i l l  flow 
pas t  Rio V i s t a  before being diverted across the Delta to the CVP and 
SW pumping plants. Thus, 5,000 cfs Rio V i s t a  f i s h  flow is still 
maintained, pa r t l y  by water f o r  CVP and SWP export and pa r t l y  by the 
next lower D-1485 outflow standard. 

I t  is important to note that the above assumption (and the resulWng 
YD58 data s e t s )  w i l l  not be val id  when a nthru-Deltan f a c i l i t y  does 
ex i s t ,  s ince water fo r  CVP and SWP export could be diverted from the 
Sacramento River above Rio V i s t a .  Thus, f o r  s tudies  w i t h  a "thru- 
Deltan f a c i l i t y ,  the four YD58 data sets should be modified by 
increasing the D-1485 outflow requirement to 5,000 c f s  f o r  September 
through December in  Wet water years. 

Ths lowest allowable m i n i m u m  Delta outflow requirement is assumed to  
be 2,500 c f s  in the four  YD58 data sets, even though some of the 
D-1485 standards actual ly  specify lower amounts (down to 1,000 c f s )  
in the summer and f a l l  months of Dry and C r i t i c a l  years. The 
spec i f ic  reason f o r  the 2,500 cfs  m i n i m u m  flow is not documented, bu t  
it is generally assumed t h a t  2,500 c f s  would be the min imum 
acceptable flow f o r  Delta operations, navigation, and s a l i n i t y  
repulsion. 



11. Derivation of SWP additional Delta outflow requirements as  specified in 
the DWR contract  with the North Delta Water Agency (ID'AA): 

T h i s  agreement between Dm and the NDWA specif ies  a s e t  of agr icu l tura l  
water qual i ty  standards ( i n  EC) f o r  several  locations in the Delta. A t  
times these standards require Delta flows t h a t  a re  larger than the 
corresponding period D-1485 requirements, while a t  other times no 
addit ional outflow is needed (D-1485 requirements are higher). When 
addit ional flows a re  needed to maintain a e s e  NDWA requirements, the 
water must be released f mm SUP f a c i l i t i e s  only (primarily Oroville 
Reservoir). These addit ional outflow requirements in excess of the 
D-1485 standards (YD58) a r e  represented as C.P. 56 diversione in the 
r e su l t s  of simulation model studies. 

A s  shown i n  Tables 5 and 6 two versions of the YD56 data s e t s  a r e  
available ; one using the "oldtt Emmaton f low/aa l i n i t y  re lationship,  and 
the other with the "new" Emmatan relationship. Both data sets w e r e  
developed by Central D i s t r i c t  p e r s o ~ e l  in mid-1932, and should be used 
with the corresponding version of D-1485 outflows (old or  new Emmaton 
versions of YD58). The YD56 input data s e t s  f o r  the Planning Simulation 
Model contain the - f u l l  flow requirements necessary t o  comply with the 
NDWA requirements, whereas the ID56 diversions shown i n  the r e su l t s  of 
a study w i l l  only represent the incrgmental YD56 flow in excess of the 
D-1485 requirement a t  YD58 (which w i l l  alwaya be l e s s  than the f u l l  YD56 
input data se t ) .  

The addit ional outflow requirements specified by the XI56 data sets are 
generally used in simulation model s tudies  where ex is t ing  D e l t a  
f a c i l i t i e s  are assumed. However, a future  Delta project  known a s  the 
"Sherman Is land Overland Water Faci lities" is being planned to supply 
good qual i ty  water to agr icu l tura l  lands served by the NDWA. When these 
Overland F a c i l i t i e s  a r e  completed ( in  future level  simulation model 
s tudies) ,  addit ional YD46 Delta flows would not  be needed to sa t i s fy  the 
ND'dA requirements. Under this assumption the incremental NDWA outflow 
requirements drop t o  zero, and no YD56 data sets a re  used. 

111. Description of C a r r i a p  Water Requirements: 

Carriage water is generally defined a s  addit ional Delta outflow required 
to control sea water int rusion f r o m  San Francisco Bay and the ocean. 
T h i s  outflow is required in addition to the basic outflows specif ied by 
the D-1485 standards (YD58), and varies as a function of (1) CVP and SWP 
Delta export pumping and (2) south Delta inflow from the San Joaquin 
River and the Eastside stream group (~osumnes, Mokelumne and Calaveras 
Rivers). I n  general, carriage water requirements w i l l  increase when 
t o t a l  export pumping increases, and w i l l  decrease i n  re la t ion to 
increases i n  south and e a s t  D e l t a  inflows. 



Carriage water requirements are  treated a s  an in-basin use and a re  
specif ied a s  a diversian a t  C.P. 60 in a l l  simulation model s tudies  t h a t  
assume the exis t ing Delm configuration a d  f a c i l i t i e s .  However, f o r  
s tudies  assuming the completion of a "thru-Deltan f a c i l i t y  or  other Delta 
channel improvements, the carriage water requirements (and input data) 
a r e  eliminated. T h i s  is based on the presumption tha t  the improved Delta 
flows and circulat ion resul t ing from a thru-Delta f a c i l i t y  would be able 
to control  sea water intrusion, and thus eliminate the need f o r  carriage 
water. 

When carriage water is required, it would not be distinguishable f r o m  
other required outflow and would therefore be supplied f r o m  both CVP and 
SWP reservoirs,  in accordance with the sharing r a t i o s  specified by the 
COA 

I n  the simulation model carriage water data consis ts  of a s ingle  set of 
t o t a l  export pumping/D+lta outflow relationships (DP/DF data) which a re  
inser ted a t  C.P. 60 i n  the input data f i l e .  Currently only one 
version of the carriage water data f i l e  ex is t s ,  as developed by Central  
D i s t r i c t  personnel. T h i s  carriage water data set actual ly  contains 72 
d i s t i n c t  DP/DF relationships,  one f o r  each month of the year f o r  s i x  
d i f fe ren t  Water Year c lass i f icat ions  (Wet, Above Normpl, Below Normal, 
Dry, C r i t i c a l  and Cr i t i ca l  following c r i t i c a l ) .  

For each year type and month, the simulation model w i l l  calculate the 
t o t a l  CVP and SIP export pumping; adjust  f o r  Eastside streams and Sen 
Joaquin River inflow; and then use the appropriate DP/DF rela t ionship to 
determine the Total  D e l t a  outflow needed to control  sea water intrusion. 
Next the simulation model w i l l  compare this t o t a l  outflow with the D-1485 
minimum mquired outflow (Y'D58) f o r  the corresponding month, and 
calculate  the carriage water (C.P. 60 diversion) a s  the difference 
between the two Delta outflows. If the D-1485 outflow requirement is 
greater than the t o t a l  D e l t a  outflow f o r  sea w a t x r  intrusion, the t o t a l  
Delta outflow requirement becomes diversion a t  C.P. 58 and the carriage 
water requirement w i l l  be zero. 

Since carriage water varies a s  a function of CVP and SW Delta pumping, 
it is important to  note t h a t  any changes in the months when export 
pumping occurs can s ignif icant ly  a l t e r  carriage water mquirements fo r  a 
given study. I n  general, minimizing CVP and SWP exports during the 
summer and f a l l  months a t  the Tracy and Banks Pumping Planta u i l l  reduce 
carriage water requirements and maximize pro jec t  deliveries.  
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